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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve planarity in a thin film 
by effectively efficiently avoiding the influence of a leaving gas 
from a loading built up film in a reaction chamber, and at the 
same time reducing incubation time. 

SOLUTION: The manufacturing method of a semiconductor 
device includes a pretreatment process and a film forming 
process. In the pretreatment process, RPH (Remote Plasma 
Hydrogenation) treatment for supplying hydrogen radical onto a 
substrate is performed (202), RPN (Remote Plasma Nitriding) 
treatment for supplying nitrogen radical onto the substrate is 
performed (203), and then RPO (Remote Plasma Oxidation) 
treatment for supplying oxygen radical onto the substrate is 
performed (204) in the middle of substrate temperature 
increment for increasing a substrate temperature to a 
depositing one. In the depositing process, the substrate 
temperature is increased to the depositing one, then a feed gas 
is supplied onto the substrate by the heat Chemical Vapor 
Deposition method for depositing (205). and then PRO 
treatment is performed (206). In the depositing process, it is 

preferable to repeat depositing raw material feed and RPO treatment for a plurality of times. 
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* NOTICES * 

JPO and NCXPl are not responsible for any 
damages caused by the use o£ this translation • 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

A head end process including the nitrogen head end process which activates and supplies the gas containing 
nitrogen to the substrate from which the natural oxidation film was removed, and the oxygen head end 
process which activates and supplies the gas containing oxygen, 

The membrane formation process which forms a metal thin film or a metal oxidation thin film on said 
substrate after this head end process 

The manufacture approach of the semiconductor device characterized by ****(ing). 
[Claim 2] 

A head end process including the chlorine head end process which activates and supplies the gas containing 
the hydrogen head end process or chlorine which activates and supplies the gas containing hydrogen to a 
substrate, the nitrogen head end process which activates and supplies the gas containing nitrogen, and the 
oxygen head end process which activates and supplies the gas containing oxygen. 

It has the membrane formation process which forms a metal thin film or a metal oxidation thin film on said 
substrate after this head end process. 

The manufacture approach of the semiconductor device characterized by performing said head end process 
and membrane formation process in the reaction-of-identity interior of a room. 
[Claim 3] 

The head end process which activates and supplies gas to a substrate. 

It has the membrane formation process which forms a metal thin film or a metal oxidation thin film on said 
substrate after this head end process. 

Said head end process is the manufacture approach of the semiconductor device characterized by carrying 
out in the middle of the substrate temperature up which it is [ temperature up ] before supplying material gas 
in a membrane formation process, and raises substrate temperature to membrane formation temperature. 
[Claim 4] 

In the manufacture approach of of claim 1 thru/or a any of 3 or the semiconductor device of a publication. 
At said membrane formation process 

The material gas supply process which supplies material gas to said substrate. 

The activation gas supply process which activates and supplies gas after this material gas supply process. 
The manufacture approach of the semiconductor device characterized by forming the thin film which has 
desired thickness by repeating two or more times. 
[Claim 5] 

The reaction chamber which processes a substrate. 

The heater which heats the substrate in a reaction chamber. 

The material gas feed hopper which supplies material gas in a reaction chamber, 

The gas activation unit which activates the gas containing hydrogen or chlorine, the gas containing nitrogen, 
and the gas containing oxygen, respectively, 

Activation gas supply opening which supplies the gas activated in the gas activation unit in a reaction 
chamber. 

The control means controlled to supply the material gas for forming membranes to the substrate in a reaction 
chamber after carrying out the temperature up of the substrate temperature to membrane formation 
temperature, while controlling to heat a substrate at a heater and to supply every one kind of said activated 
gas continuously to the substrate in a reaction chamber in the condition that substrate temperature is lower 
than membrane formation temperature, and to supply the gas activated after that 
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The substrate processor characterized by preparation ******. 
[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] 

This invention relates to the manufacture approach of a semiconductor device and substrate processor which 

form a thin film on a substrate. 

[0002] 

[Description of the Prior Art] 

The CVD (Chemical Vapor Deposition) process which performs predetermined membrane formation 
processing on the front face of a substrate (processed substrate with which the pattern of the detailed 
electrical circuit which uses a silicon wafer, glass, etc. as the base was formed) is in one of the semi- 
conductor production processes. This loads an airtight reaction chamber with a substrate, heats a substrate 
with the heating means established indoors, and it forms a thin film at homogeneity on the pattern of the 
detailed electrical circuit which prepared the chemical reaction on the lifting and the substrate, introducing 
material gas on a substrate. A thin film is formed also in the structures other than a substrate in such a 
reaction chamber. Suppose that this is called a built up film. In the CVD system shown in drawing 6 , the 
shower head 6 and a susceptor 2 are formed in a reaction chamber 1 , and the substrate 4 is laid on a 
susceptor 2. Material gas is introduced into a reaction chamber 1 through the feeding tubing 5 connected to 
the shower head 6, and is supplied on a substrate 4 from the hole 8 of a large number prepared in the shower 
head 6. Exhaust air processing of the gas supplied on the substrate 4 is carried out throu^ an exhaust pipe 7. 
A substrate 4 is heated at the heater 3 which the susceptor 2 formed caudad. In addition, a built up film is 
accumulated and deposited on the shower head 6 or the structure of the substrate circumference of susceptor 
2 superiors with the increment in the processed substrate number of sheets, i.e., the increment in the count of 
processing. 
[0003] 

MOCVD (MetalOrganic Chemical Vapor Deposition) which can form amorphous Hf02 film, the 
amorphous Hf silicate film (it abbreviates to the a-HfO film below), 20amorphous Ta5 film (it abbreviates 
to the a-TaO film below), the amorphous Ru film, and amorphous Ru02 film (it abbreviates to the a-Ru film 
below) in a membrane formation raw material as such a CVD system using an organic chemistry ingredient 
— there is a CVD system using law. 
[0004] 

In membrane formation of the a-HfO film, as a membrane formation raw material, it is Hf[OC(CH3)3] 4. 
HfIOC(CH3)2CH20CH3] (hereafter abbreviated to Hf-(OtBu) 4)4 (It abbreviates to Hf-(MMP) 4 hereafter 
(however, MMP:1 methoxy-2-methyl-2-propoxy)) Hf [O-Si- (CH3)] 4 (it abbreviates to Hf-(OSi) 4 
hereafter) etc. In membrane formation of the a-TaO film, in membrane formation of Ta (OC2H5)5 (it omits 
Following PETa) etc. of the a-Ru film, Ru (C2H5C5H4)2 (it abbreviates to Ru (EtCp)2 hereafter) etc. is 
used. 
[0005] 

In this, many organic materials, such as Hf-(OtBu) 4, Hf-(MMP) 4, PETa, and Ru (EtCp)2, are the liquid 
phase in ordinary temperature ordinary pressure. For this reason, these organic liquid raw materials are 
heated, are changed into a gas with vapor pressure, and are used. 
[Patent reference 1 ] 

JP,2001-237397,A (the four - 7th page. Fig. 5) 
[Patent reference 2] 

JP,2000-235962,A (the 3rd page, Fig. 1) 
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[Patent reference 3] 

JP,7-217672,A (the six - 8th page. Fig. 1) 
[0006] 

[Problem(s) to be Solved by the Invention] 

In the reaction chamber of the above MOCVD systems, the built up film has always deposited, and H2, 
H20, CO, C02, CH4, etc. are always coming out of this built up film as balking gas. This is because C, H, 
OH, etc. are contained so much as an impurity in thin films, such as a-HfO film deposited with sufficient 
coverage by the conventional MOCVD method, a-TaO film, and a-Ru film. H20 has very serious effect to a 
processed substrate among these balking gas. for example, the case where a processed substrate is an Si 
substrate — H20 — the fi-ont face — Si-OH, SiOx (x< 2), etc. — low — in order to reform to quality oxide or a 
hydroxide, it is the factor which degrades remarkably ttie property of the semiconductor device which is a 
final product, and has been a big problem. 
[0007] 

In order to avoid the present condition and the event which it is such and should be apprehended, perform 
substrate surface treatment processing of nitriding, oxidation, acid nitriding, CVD-TiN processing, etc. to Si 
substrate front face in advance, and the barrier layer to H20 is formed in it. In order to mitigate the bad 
influence of H20 in a MOCVD reaction chamber, and the bad influence of H20 which secedes (X=Hf, Zr, 
Ta, Ru, etc.) and is generated from X-OH contained in a MOCVD thin film, a great effort and costs are 
spent. 
[0008] 

Moreover, the thin film deposited using the above MOCVD methods has the problem that the surface 
smoothness on the front face of the film is hard to be obtained, especially — the rate of sedimentation of a 
thin film — surface reaction — MOCVD in the case of it being rate-limiting and deciding ~ in law, the 
above-mentioned problem becomes remarkable, surface reaction — if rate-limiting, it turns out that time 
delay arises although a thin film starts deposition on a substrate fi-ont face. This time amount is called the 
incubation time. It is thought that there is a nucleation process in which deposition island-shape in a 
substrate top is performed, irregularity will be formed in this karyogenesis process, and the surface 
smoothness of a thin film will be lost between this incubation time. 

The surface smoothness on such a front face of a thin film becomes the factor which reduces the 
dependability of the semiconductor device product which is a final product, and is posing a big problem 
with device size contraction, 
[0009] 

The technical problem of this invention reduces an incubation time, and is to offer the manufacture approach 
of the semiconductor device which can raise the surface smoothness of a thin film, and a substrate processor 
while it controls effectively and efficiently the effect of the balking gas from the built up film deposited in 
the reaction chamber of an MOCVD system. Moreover, the technical problem of this invention is to offer 
conventionally the manufacture approach of a semiconductor device and substrate processor which reduce 
sharply the great effort and the costs which should apprehend the above-mentioned, and which were spent to 
the event, simplify the reforming processing on the front face of a substrate, put together to an MOCVD 
system, and can reduce a production cost sharply. Moreover, without reducing productivity, the technical 
problem of this invention controls the effect of the balking gas fi-om the built up film deposited in the 
reaction chamber of an MOCVD system, and is to offer the manufacture approach of the semiconductor 
device which can raise the surface smoothness of a thin film, and a substrate processor. 
[0010] 

[Means for Solving the Problem] 

The nitrogen head end process which the 1st invention activates the gas which contains nitrogen (N) to the 
substrate from which the natural oxidation film was removed, and is supplied. It is the manufacture 
approach of the semiconductor device characterized by having a head end process including the oxygen 
head end process which activates and supplies the gas containing oxygen (O), and the membrane formation 
process which forms a metal thin film or a metal oxidation thin film on said substrate after this head end 
process. While being able to control effectively and efficiently the effect of the balking gas firom a built up 
film by performing a head end process, an incubation time is reduced and the surface smoothness of the film 
formed at a membrane formation process can be improved. Moreover, since a head end process includes a 
nitrogen head end process and an oxygen head end process, when performing only nitrogen pretreatment or 
oxygen pretreatment independently, it can improve the quality of a semiconductor device. That is, with 
pretreatment of only nitrogen pretreatment (for example, RPN processing mentioned later), although leakage 
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current can be suppressed, the interface defect density of the last device becomes large, and worsens 
electrical parameters, such as flat band voltage Vfb and mobility mu. Moreover, with pretreatment of only 
oxygen pretreatment (for example, RPO processing mentioned later), although the interface defect of the last 
device can be lessened, since leakage current becomes large, a limitation is rash to contraction-ization of 
device size. On the other hand, the above-mentioned fault at the time of performing each processing 
independently can be mutually complemented with this invention by performing the both sides of nitrogen 
pretreatment and oxygen pretreatment. Even if an interface defect occurs in a previous nitrogen head end 
process preferably by performing a nitrogen head end process and an oxygen head end process in this order, 
the effectiveness that this interface defect is restored in a next oxygen head end process will also be 
acquired. 
[0011] 

The chlorine head end process which activates the gas containing the hydrogen head end process or chlorine 
(CI) which activates and supplies the gas by which the 2nd invention contains hydrogen (H) to a substrate, 
and is supplied, A head end process including the nitrogen head end process which activates and supplies 
the gas containing nitrogen (N), and the oxygen head end process which activates and supplies the gas 
containing oxygen (O), It is the manufacture approach of the semiconductor device characterized by having 
the membrane formation process which forms a metal thin film or a metal oxidation thin film, and 
performing said head end process and membrane formation process on said substrate after this head end 
process in the reaction-of-identity interior of a room. Since pretreatment of the conventional processed 
substrate was performed in the reaction chamber different fi-om membrane formation processing, it had the 
problem polluted while a substrate conveys. On the other hand, since according to this invention a 
membrane formation process can be performed succeeding immediately after a head end process since it 
was made to perform a head end process and a membrane formation process in the reaction-of-identity 
interior of a room, and a substrate conveyance process can be skipped, resoiling at the time of conveyance 
on the front face of a substrate defecated with pretreatment can be prevented. Moreover, a production cost is 
sharply reducible. Moreover, since a head end process and a membrane formation process are performed in 
the same reaction chamber, it can pretreat using the conventional substrate heating time in the reaction 
chamber concerned. Therefore, these two processings can be efficiently performed in one reaction chamber. 
Moreover, since a head end process and a membrane formation process are performed in the same reaction 
chamber, a substrate is pretreated, and since membranes can be formed immediately after that, a quality 
volume phase can be formed. 
[0012] 

The head end process which the 3rd invention activates gas to a substrate and is supplied, It has the 
membrane formation process which forms a metal thin film or a metal oxidation thin film on said substrate 
after this head end process. Said head end process It is, before supplying material gas in a membrane 
formation process, and it is the manufacture approach of the semiconductor device characterized by carrying 
out in the middle of the substrate temperature up which raises substrate temperature to membrane formation 
temperature. If it is made to perform a head end process into the temperature up to membrane formation 
temperature, while controUing the effect of the balking gas from a built up film, without reducing 
productivity, an incubation time is controlled and the surface smoothness of the film formed at a membrane 
formation process can be improved. Moreover, although pretreated using the activated gas, since the 
activation energy is larger than heat energy, pretreatment can be ensured even if it is among the temperature 
up which has not reached processing temperature. 
[0013] 

The 4th invention is the manufacture approach of the semiconductor device characterized by forming the 
thin film which has desired thickness in the 1st thru/or the 3rd invention by repeating the material gas supply 
process which supplies material gas to said substrate, and the activation gas supply process which activates 
and supplies gas after this material gas supply process two or more times at said membrane formation 
process. Since a material gas supply process and an activation gas supply process are repeated two or more 
times, the amount of removal of impurities, such as C in the film to form and H, can be increased. 
Moreover, there is effectiveness which controls the effect of the balking gas from the built up film deposited 
in the reaction chamber in the repeat (especially activation gas supply process) of a material gas supply 
process and an activation gas supply process. 
[0014] 

The reaction chamber where the 5th invention processes a substrate, and the heater which heats the substrate 
in a reaction chamber, The material gas feed hopper which supplies material gas in a reaction chamber, and 
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the gas containing hydrogen or chlorine, The gas activation unit which activates the gas containing nitrogen, 
and the gas containing oxygen, respectively. Activation gas supply opening which supplies the gas activated 
in the gas activation unit in a reaction chamber, While controlling to heat a substrate at a heater and to 
supply every one kind of said activated gas continuously to the substrate in a reaction chamber in the 
condition that substrate temperature is lower than membrane formation temperature It is the substrate 
processor characterized by having the control means controlled to supply the material gas for forming 
membranes to the substrate in a reaction chamber after carrying out the temperature up of the substrate 
temperature to membrane formation temperature, and to supply the gas activated after that. 
[0015] 

The 6th invention is the manufacture approach of the semiconductor device characterized by including 
further the chlorine head end process which said head end process activates the gas containing the hydrogen 
head end process or chlorine (CI) which activates and supplies the gas which contains hydrogen (H) to a 
substrate in fi-ont of said nitrogen head end process and said oxygen head end process in the 1st invention, 
and is supplied. By performing hydrogen pretreatment or chlorine pretreatment further, a substrate front face 
can be defecated more, it can consider as an activity surface state, and a substrate front face can be reformed 
much more good in pretreatment. 
[0016] 

It is the manufacture approach of the semiconductor device characterized by the 7th invention performing 
said head end process and membrane formation process in the 1 st invention in the reaction-of-identity 
interior of a room. 
[0017] 

It is the manufacture approach of the semiconductor device characterized by the 8th invention performing 
said nitrogen head end process and an oxygen head end process in the 2nd invention after said hydrogen 
head end process or a chlorine head end process. The effectiveness of pretreatment becomes remarkable by 
considering as the sequence of performing said nitrogen head end process and an oxygen head end process 
after said hydrogen head end process or a chlorine head end process. 
[0018] 

It is the manufacture approach of the semiconductor device characterized by the 9th invention performing 

said head end process in the 2nd invention in the middle of the substrate temperature up which it is 

[ temperature up ] before supplying material gas in said membrane formation process, and raises substrate 

temperature to membrane formation temperature. 

[0019] 

The 10th invention is the manufacture approach of the semiconductor device characterized by including the 
oxygen head end process which activates the nitrogen head end process which activates, carries out and 
supplies the gas by which said head end process contains nitrogen (N), and the gas containing oxygen (O) in 
the 3rd invention, and is supplied. 
[0020] 

The 1 1th invention is set to the 3rd invention. Said head end process The chlorine head end process which 
activates and supplies the gas containing the hydrogen head end process or chlorine (CI) which activates and 
supplies the gas containing hydrogen (H), It is the manufacture approach of the semiconductor device 
characterized by including the nitrogen head end process which activates and supplies the gas containing 
nitrogen (N), and the oxygen head end process which activates and supplies the gas containing oxygen (O). 
[0021] 

The 12th invention is the manufacture approach of the semiconductor device characterized by activating gas 
using the plasma in said head end process, and a substrate processor in the 1st thru/or the 1 1th invention. 
While being able to control effectively and efficiently the effect of the balking gas from a built up film by 
using the gas activated using the plasma, an incubation time is reduced and the surface smoothness of a thin 
film can be improved. 
[0022] 

The 13th invention is the manufacture approach of the semiconductor device characterized by activating gas 
in said head end process using the plasma in the remote plasma unit prepared in the exterior of the reaction 
chamber which processes a substrate, and a substrate processor in the 1st thru/or the 12th invention. While 
being able to control still more effectively and efficiently the effect of the balking gas from a built up film 
by using the gas activated with the remote plasma, an incubation time is reduced and the surface smoothness 
of a thin film can be improved. 
[0023] 
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The 14th invention is set to the 1st thru/or the 13th invention. Said hydrogen head end process It is the 
remote plasma hydrogen treating which makes a substrate front face hydrogenate by activating and 
supplying hydrogen content gas in a remote plasma unit to a substrate. A chlorine head end process It is the 
remote plasma chloridization which makes a substrate front face chlorinate by activating and supplying 
chlorine content gas in a remote plasma unit to a substrate. A nitrogen head end process It is the remote 
plasma nitriding treatment which nitrides a substrate front face by activating and supplying nitrogen content 
gas in a remote plasma unit to a substrate. An oxygen head end process By activating and supplying oxygen 
content gas in a remote plasma unit to a substrate, they are the manufacture approach of the semiconductor 
device characterized by being remote plasma oxidation processing in which a substrate front face is 
oxidized, and a substrate processor. 
[0024] 

The material gas which uses the 1 5th invention in said membrane formation process in the 1 st thru/or the 
14th invention is the manufacture approach of the semiconductor device characterized by being organic 
material gas, and a substrate processor. Since surface smoothness can be improved and the effect of balking 
gas can be controlled effectively and efficiently when the organic material gas which especially the surface 
smoothness on the front face of the film is [ material gas ] hard to be obtained, and produces the problem of 
balking gas is used, a merit is large. 
[0025] 

The 1 6th invention is set to the 1 st thru/or the 1 5th invention. Said membrane formation process The 
material gas which has the material gas supply process which supplies material gas, and the activation gas 
supply process which activates and supplies gas after this material gas supply, and is used at said membrane 
formation process to a substrate Hf [OC(CH3)2CH20CH3] The thin films which are gas obtained by 
evaporating and form 4 are the manufacture approach of the semiconductor device characterized by being 
the film containing Hf, and a substrate processor. 
[0026] 

The 17th invention is set to the 1st thru/or the 15th invention. Said membrane formation process After the 
material gas supply process which supplies material gas to a substrate, and this material gas supply process 
It is gas obtained by the material gas which has the activation gas supply process which activates and 
supplies gas, and is used at said membrane formation process evaporating Ta (OC2H5)5, and the thin films 
to form are the manufacture approach of the semiconductor device characterized by being the film 
containing Ta, and a substrate processor. <BR> [0027] 

The 18th invention is set to the 1st thru/or the 15th invention. Said membrane formation process After the 
material gas supply process which supplies material gas to a substrate, and this material gas supply process 
The material gas which has the activation gas supply process which activates and supplies gas, and is used at 
said membrane formation process Ru2 (bis-ethylcyclopentadienyl ruthenium) (C2H5C5H4), Ru (C5H5) 
(C4H9C5H4) (butyl RUTENOSEN), Ru[CH3COCHCO(CH2)3CH3]3 (tris 2, 4 octane JIONATO 
ruthenium), Ru (2, 4 dimethyl pentadienyl ethylcyclopentadienyl ruthenium) (C2H5C5H4 (CH3)) (C5H5), 
Or it is gas obtained by evaporating any of Ru (C7H8) (C7H1 102) they are, and the film to form is the 
manufacture approach of the semiconductor device characterized by being tihe film containing Ru, and a 
substrate processor. 
[0028] 

The 19th invention is set to the 1st thru/or the 15th invention. Said membrane formation process After the 
material gas supply process which supplies material gas to a substrate, and this material gas supply process 
The material gas which has the activation gas supply process which activates and supplies gas, and is used at 
said membrane formation process Ti[(OCH2 (CH3))] It is gas obtained by evaporating any of 4, Ti 
(OCH2CH3)4, Ti[N(CH3)2] 4, or Ti[N(CH3CH2)2] 4 they are. The film to form is the manufacture 
approach of the semiconductor device characterized by being the film containing Ti, and a substrate 
processor. 
[0029] 

The 20th invention is set to the 1st thru/or the 19th invention. Said membrane formation process It has the 
material gas supply process which supplies material gas to a substrate, and the activation gas supply process 
which activates and supplies gas after this material gas supply process. At said activation gas supply process 
They are 02, N20, the manufacture approach of the semiconductor device characterized by being activated 
by the plasma and supplying at least one kind of gas chosen from the group which consists of NO, Ar, H2, 
N2, and NH3, and a substrate processor. 
[0030] 
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The 21st invention is the manufacture approach of the semiconductor device characterized by repeating the 
nitrogen head end process which activates and supplies the gas containing nitrogen (N) by said head end 
process in the 1st thru/or the 20th invention, and the oxygen head end process which activates and supplies 
the gas containing oxygen (O) two or more times, and a substrate processor. In a head end process, by 
performing a nitrogen head end process and an oxygen head end process By especially being able to 
complement the above-mentioned fault at the time of performing each processing independently mutually, 
and performing a nitrogen head end process and an oxygen head end process in this order Even if an 
interface defect occurs in a previous nitrogen head end process, by repeating these nitrogen head end 
process and an oxygen head end process two or more times the place where the effectiveness that this 
interface defect is restored in a next oxygen head end process is acquired The above-mentioned 
effectiveness acquired by 1 time of the repeat can be heightened further. 
[0031] 

They are the manufacture approach of the semiconductor device characterized by the 22nd invention 
carrying out in the 1st thru/or the 21st while said head end process rotates a substrate at least, and a substrate 
processor. If a head end process is performed rotating a substrate, since it can carry out reforming 
processing of the substrate front face over the inside of a field at homogeneity, it is desirable. [ at least ] In 
addition, as for both a head end process and a membrane formation process, it is desirable to carry out 
rotating a substrate, they are all processes of a substrate surface treatment process, a head end process, and a 
membrane formation process further, and processing rotating a substrate is desirable. 
[0032] 

The 23rd invention is the manufacture approach of the semiconductor device characterized by having the 
head end process which supplies at a time continuously a hydrogen radical, a nitrogen radical, and two or 
more kinds of radicals [ one kind of] chosen from oxygen radicals to a substrate, and the membrane 
formation process which forms the metal thin film or metal oxidation thin film of an amorphous condition 
on the substrate after said head end process. Since the head end process which supplies two or more kinds of 
radicals [ one kind of ] at a time continuously to a substrate before a membrane formation process is 
performed, while being able to control effectively and efficiently the effect of the balking gas from the built 
up film deposited in the reaction cheunber of an MOCVD system, an incubation time can be reduced and the 
surface smoothness of a thin film can be raised. Moreover, the reforming processing on the front face of a 
substrate as a head end process can be simplified, while the great effort and the costs which were spent to 
the cure of the balking gas from a built up film until now are sharply reducible, the reforming processing on 
the front face of a substrate can be collected to an MOCVD system, and a production cost can be reduced 
sharply. 
[0033] 

The 24th invention is the manufacture approach of the semiconductor device characterized by performing 
said head end process and said membrane formation process in the reaction-of-identity interior of a room in 
the 23rd invention. 
[0034] 

The 25th invention is set to the 23rd or 24th invention. Said membrane formation process After the material 
gas supply process which supplies material gas to a substrate, and a material gas supply process, a hydrogen 
radical, It is the manufacture approach of the semiconductor device characterized by forming the thin film 
which has the radical supply process which supplies a nitrogen radical and one kind of radical chosen from 
oxygen radicals, and has desired thickness by repeating these processes two or more times. Since a material 
gas supply process and a radical supply process are repeated two or more times, while being able to form the 
thin film which has predetermined thickness, the amount of removal of impurities, such as C in the formed 
film and H, can be increased. Moreover, there is effectiveness which controls the effect of the balking gas 
from the built up film deposited in the reaction chamber of an MOCVD system in the repeat (especially 
radical supply process) of a material gas supply process and a radical supply process. 
[0035] 

It is the manufacture approach of the semiconductor device characterized by the 26th invention performing 
substrate temperature before said head end process supplies material gas in a membrane formation process 
in the 24th or 25th invention into the substrate temperature up raised to membrane formation temperature. 
[0036] 

The reaction chamber where the 27th invention processes a substrate, and the heater which heats the 
substrate in a reaction chamber, The radical generating unit which can generate the material gas feed hopper 
which supplies material gas in a reaction chamber, a hydrogen radical and a nitrogen radical, and two or 
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more kinds of radicals chosen from oxygen radicals. The radical feed hopper which supplies the radical 
generated in the radical generating unit in a reaction chamber, While controlling so that a substrate is heated 
at a heater and substrate temperature supplies every one kind of two or more kinds of said radicals 
continuously to the substrate in a reaction chamber in the condition lower than membrane formation 
temperature After carrying out the temperature up'of the substrate temperature to membrane formation 
temperature, it is the substrate processor characterized by having the control means controlled to supply 
material gas to the substrate in a reaction chamber, and to supply after that a hydrogen radical, a nitrogen 
radical, and one kind of radical chosen from oxygen radicals. 
[0037] 

A substrate is heated at a heater. Substrate temperature in the condition lower than membrane formation 
temperature A hydrogen radical, While controlling to supply at a time continuously a nitrogen radical and 
two or more kinds of radicals [ one kind of] chosen from oxygen radicals to the substrate in a reaction 
chamber After carrying out the temperature up of the substrate temperature to membrane formation 
temperature, material gas is supplied to the substrate in a reaction chamber. The manufacture approach of 
the semiconductor device said 24th invention can be easily enforced by having the control means controlled 
to supply after that a hydrogen radical, a nitrogen radical, and one kind of radical chosen from oxygen 
radicals. In addition, fiirther, after carrying out the temperature up of the substrate temperature to membrane 
formation temperature, material gas is supplied to the substrate in a reaction chamber, a hydrogen radical, a 
nitrogen radical, and one kind of radical chosen from oxygen radicals are supplied after that, and if it has the 
control means controlled to repeat this material gas supply and radical supply two or more times, the 
manufacture approach of the semiconductor device the 25th invention can be enforced easily. In addition, if 
it has further said control means controlled to supply two or more one kind of radicals of a class at a time 
continuously to the substrate in a reaction chamber into a substrate temperature up, the manufacture 
approach of the semiconductor device the 26th invention can be enforced easily. 
[0038] 

the 28th invention be the manufacture approach of the semiconductor device characterize by generating two 
or more kinds of gas chose in the 23rd - the 27th invention from said gas by which the radical of a class 
contain two or more hydrogen atoms , the gas containing a nitrogen atom , and the gas containing an oxygen 
atom by being activate using a plasma in the remote plasma unit prepared in the exterior of the reaction 
chamber which process a substrate , or a substrate processor . While being able to control effectively and 
efficiently the effect of the balking gas from a built up film by using the radical activated with the remote 
plasma also especially in the radical, an incubation time can be reduced and the surface smoothness of a thin 
film can be raised. 
[0039] 

The 29th invention is set to the 28th invention. Said head end process The remote plasma hydrogen treating 
which makes a substrate front face hydrogenate using the hydrogen radical generated by activating hydrogen 
content gas in a remote plasma unit. The remote plasma nitriding treatment which nitrides a substrate front 
face using the nitrogen radical generated by activating nitrogen content gas in a remote plasma unit. By 
activating oxygen content gas in a remote plasma unit They are the manufacture approach of the 
semiconductor device characterized by being the processing which performs at a time continuously two or 
more kinds of remote plasma treatment [ one kind of] chosen from remote plasma oxidation processings in 
which a substrate front face is oxidized using the oxygen radical which made it generate to a substrate, or a 
substrate processor. While being able to control effectively and efficiently the effect of the balking gas from 
a built up film by performing continuously two or more kinds of processings especially chosen from a 
remote plasma hydrogen treating, remote plasma nitriding treatment, and remote plasma oxidation 
processing also in remote plasma treatment, an incubation time can be reduced and the surface smoothness 
of a thin film can be raised. 
[0040] 

The 30th invention is the manufacture approach of the semiconductor device characterized by said head end 
process being processing which performs said remote plasma hydrogen treating, said remote plasma 
nitriding treatment, and said remote plasma oxidation processing continuously in this order, or a substrate 
processor in the 29th invention. The above-mentioned effectiveness becomes remarkable by performing 
remote plasma hydrogen treatings, remote plasma nitriding treatment, and all the remote plasma oxidation 
processings continuously in this order especially. 
[0041] 

The material gas which uses the 3 1st invention in a membrane formation process in the 23rd - the 30th 
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invention is the manufacture approach of the semiconductor device characterized by being organic material 

gas, or a substrate processor. 

[0042] 

The 32nd invention is set to the 31st invention. Said membrane formation process It has the material gas 
supply process which supplies material gas to a substrate, and the radical supply process which supplies a 
radical after material gas supply. The material gas used in a membrane formation process is gas which 
evaporated HftOC(CH3)2CH20CH3]4, the radical supplied after that is an oxygen radical, and the thin film 
to form is the manufacture approach of the semiconductor device characterized by being Hf02 film, or a 
substrate processor. 
[0043] 

The 33rd invention is set to the 3 1st invention. Said membrane formation process It has the material gas 
supply process which supplies material gas to a substrate, and the radical supply process which supplies a 
radical after material gas supply. The material gas used in a membrane formation process is gas which 
evaporated Ta (OC2H5)5, the radical supplied after that is an oxygen radical, and the thin film to form is the 
manufacture approach of the semiconductor device characterized by being 20Ta5 film, or a substrate 
processor. 
[0044] 

The 34th invention is set to the 31st invention. Said membrane formation process It has the material gas 
supply process which supplies material gas to a substrate, and the radical supply process which supplies a 
radical after material gas supply. The material gas used in a membrane formation process is gas which 
evaporated Ru (C2H5C5H4)2. The radical supplied after that is a hydrogen radical or an oxygen radical, and 
the thin film to form is the manufacture approach of the semiconductor device characterized by being Ru 
film or Ru02 film, or a substrate processor. 
[0045] 

The 35th invention is set to the 31st invention. Said membrane formation process It has the material gas 
supply process which supplies material gas to a substrate, and the radical supply process which supplies a 
radical after material gas supply. The material gas used in a membrane formation process is gas which 
evaporated Ti (N(CH3) 2)4, the radical supplied after that is a nitrogen radical, and the thin film to form is 
the manufacture approach of the semiconductor device characterized by being the TiN film, or a substrate 
processor. 
[0046] 

The 36th invention is the manufacture approach of the semiconductor device characterized by having fiirther 
the substrate surface treatment process of removing the natural oxidation film and pollutant on the fi-ont face 
of a substrate before said head end process, or a substrate processor in the 23rd - the 35th invention. 
[0047] 

The 37th invention is the manufacture approach of the semiconductor device characterized by performing 
said substrate surface treatment process, said head end process, and said membrane formation process in the 
reaction-of-identity interior of a room, or a substrate processor in the 36th invention. 
[0048] 

The 38th invention is set to the 36th or 37th invention. Said substrate surface treatment process By 
supplying the radical which generated cleaning gas by being activated using the plasma in the remote 
plasma unit prepared in the exterior of the reaction chamber which processes a substrate to the substrate in a 
reaction chamber They are the manufacture approach of the semiconductor device characterized by being 
remote plasma dry-cleaning processing in which the natural oxidation film metallurgy group pollutant 
formed in the substrate firont face is removed, or a substrate processor. 
[0049] 

It is the manufacture approach of a semiconductor device or substrate processor characterized by the 39th 
invention carrying out in the 23rd - the 38th invention while said head end process rotates a substrate at 
least. 
[0050] 

[Embodiment of the Invention] 

The gestalt of operation of this invention is explained below, the gestalt of this operation — MOCVD — the 
case where Hf02 film (it only abbreviates to Hf02 film hereafter) of an amorphous condition is formed by 
law is explained. 
[0051] 

Drawing 4 is the schematic diagram showing an example of the single-wafer-processing MOCVD system 
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which is a substrate processor concerning the gestalt of operation. The radical generating unit 11, the 
substrate rotation unit 12, the inert gas supply unit 10, and the by-path pipe 14 are mainly added to the 
conventional reaction chamber 1 ( drawing 6 ). 
[0052] 

As shown in drawing, the heater unit 1 8 of the hollow by which up opening was covered with the susceptor 
2 is formed in a reaction chamber 1 . A heater 3 is formed in the interior of the heater unit 1 8, and the 
substrate 4 laid on a susceptor 2 at a heater 3 is heated to predetermined temperature. The substrates 4 laid 
on a susceptor 2 are for example, a semi-conductor silicon wafer, a glass substrate, etc. 
[0053] 

The substrate rotation unit 12 is formed outside a reaction chamber 1, by the substrate rotation unit 12, the 
heater unit 1 8 in a reaction chamber 1 is rotated, and the substrate 4 on a susceptor 2 can be rotated now. It 
is for making it careful [ the radical introduced from the radical generating unit 1 1 mentioned later, the 
material gas introduced from the membrane formation feeding unit 9, and the inert gas introduced from the 
inert gas supply unit 10 ] to homogeneity in the field of a substrate 4 to rotate a substrate 4, In the head end 
process which this mentions later, an oxygen radical, a nitrogen radical, and a hydrogen radical can be 
supplied in the field of a substrate 4 at homogeneity, and uniform pretreatment can be performed over the 
inside of the field of a substrate 4. Moreover, at the membrane formation process mentioned later, while 
being able to supply material gas in the field of a substrate 4 at homogeneity and being able to form a thin 
film layer in homogeneity over the inside of a substrate side, impurities, such as C in the thin film which 
could supply the oxygen radical to homogeneity and was foraied in the field of the thin film layer formed on 
the substrate 4, and H, are quickly removable to homogeneity in a substrate side. 
[0054] 

Moreover, the shower head 6 which has many holes 8 is formed above the susceptor 2 in a reaction chamber 

I . The shower head 6 is divided into membrane formation shower head section 6a and radical shower head 
section 6b by the dashboard 15, and can spout gas now in the shape of a shower separately from the divided 
shower head sections 6a and 6b. 

[0055] 

The membrane formation feeding unit 9 which supplies the organic liquid raw material as a membrane 
formation raw material outside a reaction chamber 1, the liquid flow rate control unit 28 as a flow rate 
control means which controls the liquid supply flow rate of a membrane formation raw material, and the 
carburetor 29 which evaporates a membrane formation raw material are formed. The massflow controller 46 
as a flow rate control means which controls the inert gas supply unit 10 which supplies the inert gas as non- 
reactant gas, and the supply flow rate of inert gas is formed. Organic materials, such as Hf-(MMP) 4, are 
used as a gas raw material. Moreover, Ar, helium, N2, etc. are used as inert gas. It is unified and material 
gas supply pipe 5b prepared in the membrane formation feeding unit 9 and inert gas supply pipe 5a prepared 
in the inert gas supply unit 10 are opened for free passage by the feeding tubing 5 connected to membrane 
formation shower head section 6a. 
[0056] 

The feeding tubing 5 is the membrane formation process which forms Hf02 film on a substrate 4, and 
supplies the mixed gas of material gas and inert gas to membrane formation shower head section 6a of the 
shower head 6. It is possible by forming bulbs 21 and 20 in material gas supply pipe 5b and inert gas supply 
pipe 5a, respectively, and opening and closing these bulbs 21 and 20 to control supply of the mixed gas of 
material gas and inert gas. 
[0057] 

Moreover, the radical generating unit 1 1 which generates a radical is formed outside a reaction chamber 1 . 
The radical generating unit 1 1 is constituted by for example, the remote plasma unit. The radical supply pipe 
1 3 connected to radical shower head section 6b is formed in the downstream of the radical generating unit 

II, and an oxygen radical, a nitrogen radical, a hydrogen radical, a chlorine radical, an oxygen radical, or a 
chlorine fluoride radical is supplied to radical shower head section 6b of the shower head 6 at a head end 
process, a membrane formation process, or a cleaning process, respectively. Moreover, it is possible by 
forming a bulb 24 in the radical supply pipe 13, and opening and closing a bulb 24 to control supply of a 
radical. In addition, the gas activation unit of this invention is constituted by this radical generating unit 11. 
[0058] 

The radical generating unit 1 1 activates gas, is each process of a head end process, a membrane formation 
process, and a cleaning process, and supplies the radical which generated and generated the radical in a 
reaction chamber 1 . The radical used by the head end process has an oxygen radical, a nitrogen radical, a 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 4/4/2006 



JP,2004-006699,A [DETAILED DESCRIPTION] 



Page 10 of 22 



hydrogen radical, or a good chlorine radical. Any one radical can also be chosen and supplied out of these, 
and two or more kinds of radicals can be chosen from these, it can also supply one kind at a time 
continuously, and it is also possible to supply all one kind of these radicals at a time continuously. 
Moreover, the radical used at a membrsme formation process has a good oxygen radical, when using organic 
materials, such as Hf-(M1V[P) 4, as a raw material. This is because impurity removal processing of C, H, etc. 
can be efficiently carried out immediately after Hf02 film formation. In addition, when forming 20Ta5 
film, using PETa as a raw material, when forming the TiN film using Ti (N(CH3) 2)4, a nitrogen radical is 
good [ an oxygen radical is good, and / when forming Ru film and Ru02 film using Ru (EtCp)2, a hydrogen 
radical or an oxygen radical (especially hydrogen radical) is good, and ]. Moreover, the radical used at the 
cleaning process which removes the built up film formed also in the structures other than a substrate has 
C1F3 good radical. 
[0059] 

the gas (it NO(s) 02 [ for example, ] ~) which contains an oxygen atom in the upstream of the radical 
generating unit 1 1 through a gas supply system The oxygen content gas supply unit which supplies N20 
etc., the nitrogen content gas supply unit which supplies the gas (for example, N2, NH3 grade) containing a 
nitrogen atom. The chlorine content gas supply unit which supplies the gas (for example, C1F3, C12 grade) 
containing the hydrogen content gas supply unit and chlorine atom which supply the gas (for example, H2 
grade) containing a hydrogen atom is connected. The oxygen content gas used for a head end process, 
nitrogen content gas, hydrogen content gas, or chlorine content gas (C12 grade) and the oxygen content gas 
(the case of membrane formation of Ru film ~ hydrogen content gas or oxygen content gas — ) used at the 
time of impurity removal at a membrane formation process In membrane formation of the TiN film, the 
chlorine content gas (C1F3 grade) used at nitrogen content gas and a cleaning process can be alternatively 
supplied now to the radical generating unit 1 1 . 
[0060] 

As shown in drawing 5 (a), specifically to the upstream of the radical generating unit 1 1 The mainline 30 
which supplies the gas for plasma production (for example, inert gas, such as Ar) to this unit 1 1 is 
connected. H2 gas-supply Rhine 31 as hydrogen content gas, N2 gas-supply Rhine 32 as nitrogen content 
gas, 02 gas-supply Rhine 33 as oxygen content gas, and C1F3 (C12) gas-supply Rhine 34 as chlorine content 
gas are connected to this mainline 30, respectively. 

Bulbs 41, 42, 43, and 44 are formed in the connection part of a mainline 30 and each above-mentioned gas 
supply Rhine 31, 32, 33, and 34, respectively, and it has come to be able to carry out ON/OFF of the supply 
to the radical generating unit 1 1 of each above-mentioned gas to it by opening and closing each of these 
bulbs. In addition, closing motion control of these bulbs 41-44 is performed by the control unit 25. 
Moreover, MFC 31a, 32a, 33a, and 34a as a flow rate control means is formed in above-mentioned Rhine 
31, 32, 33, and 34, respectively, and the amount of supply of the gas from each Rhine concerned can be 
controlled now. Furthermore, the flow rate of flowing Ar gas can also control a mainline now by MFC30a. 
[0061] 

By considering as the above configuration, hydrogen, nitrogen, oxygen, chlorine (chlorine-based compound: 
example C1F3 grade), or any one or more radicals of the argon can be altematively supplied to a substrate 4 
from the radical generating unit 1 1 . Thereby, RPH, RPN and RPO which are mentioned later, and RPCl 
processing can be carried out as pretreatment just before performing MOCVD processing to a substrate 4. 
Moreover, MOCVD processing and RPX processing (X=H, N, O, CI) can be repeated, and CVD processing 
can be performed. Furthermore, if C1F3 radical is used, self-cleaning processing of the reaction chamber 1 in 
300 degrees C or less will be attained. Moreover, as gas for plasma production, by using Ar, in the radical 
generating unit 1 1 , since it is stabilized and the plasma can be generated, it is desirable. 
Moreover, since each above-mentioned gas is changed and it was made to perform RPX processing (X=H, 
N, O, CI) by bulbs 41-44, using the same radical formation room in one radical generating unit 1 1, the 
configuration of equipment does not have to carry out complicated enlargement. 
[0062] 

Drawing 5 (b) is drawing having expanded and shown the circumference of the bulb 41 (42, 43, 44) 
prepared in the connection part of a mainline 30 and above-mentioned gas supply Rhine 3 1 (32, 33, 34). 
Thus, valve element 41a (42a, 43a, 44a) in a bulb 41 (42, 43, 44) It is arranged at the supply side of H2 gas 
(N2 gas, 02 gas, C1F3 (C12) gas) in gas supply Rhine 31 (32, 33, 34) concemed. By this Start/stop of supply 
of ******** of H2 gas, N2 gas, 02 gas, and C1F3 (C12) gas can be performed quickly, maintaining supply 
of Ar gas which flows a mainline. In addition, the Mikata bulb can also be used as bulbs 41-44. 
[0063] 
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The separate feed hopper which supplies the material gas supplied to a substrate 4 and the radical supplied 
to a substrate 4, respectively consists of membrane formation shower head section 6a and radical shower 
head section 6b containing the feeding tubing 5 and the radical supply pipe 1 3 grade which were prepared in 
the reaction chamber 1 . The thing containing membrane formation shower head section 6a is a material gas 
feed hopper, and the thing containing radical shower head section 6b is activation gas supply opening 
(radical feed hopper). 
[0064] 

Exhaust-port 7a which exhausts the inside of a reaction chamber is prepared in a reaction chamber 1 , and the 
exhaust-port 7a is connected to the exhaust pipe 7 which is open for free passage to the exhaust air pump 
which is not illustrated or damage elimination equipment. The raw material recovery trap 16 for collecting 
material gas is installed in an exhaust pipe 7. This raw material recovery trap 16 is used for a head end 
process, a membrane formation process, and a cleaning process by common use. An exhaust air system 
consists of said exhaust-port 7a and an exhaust pipe 7. 
[0065] 

Moreover, material gas by-path pipe 14a and radical by-path pipe 14b (these are only called by-path pipe 
14) which are connected to the raw material recovery trap 16 prepared in the exhaust pipe 7 are prepared in 
material gas supply pipe 5b and the radical supply pipe 13, respectively. Bulbs 22 and 23 are formed in 
material gas by-path pipe 14a and radical by-path pipe 14b, respectively. By these, in case material gas is 
supplied on the substrate 4 in a reaction chamber 1 , supply of a radical is exhausted through radical by-path 
pipe 14b and the raw material recovery trap 16 so that a reaction chamber 1 may be bypassed without 
making it stop. Moreover, in case a radical is supplied on the substrate 4 in a reaction chamber 1, supply of 
material gas is exhausted through material gas by-path pipe 14a and the raw material recovery trap 16 so 
that a reaction chamber 1 may be bypassed without making it stop. That is, at least, during substrate 
processing, it will not be made to stop and all will always continue passing supply of the material gas from 
the membrane formation feeding unit 9, and supply of the radical from the radical generating unit 1 1 . 
[0066] 

And the control unit 25 which controls closing motion of said bulbs 20-24 etc. is formed, a control unit 25 
heats a substrate 4 and carries out the temperature up of the substrate temperature at a predetermined rate to 
membrane formation temperature — making — temperature up epigenesis — film temperature — a heater is 
controlled to maintain whenever. Moreover, in a head end process, it controls by the condition that substrate 
temperature is lower than membrane formation temperature to follow one kind at a time and to supply two 
or more kinds of radicals chosen from the hydrogen radical, the nitrogen radical, and the oxygen radical (to 
for example, inside of a substrate temperature up) on a substrate 4, from radical shower head section 6b. For 
example, it controls to supply a hydrogen radical, a nitrogen radical, and an oxygen radical continuously in 
this order. And after supplying material gas on a substrate 4 and forming membranes from membrane 
formation shower head section after substrate temperature carries out temperature up to membrane 
formation temperature 6a, it controls to supply an oxygen radical (for it to be [ in membrane formation of Ru 
film ] a nitrogen radical in membrane formation of a hydrogen radical or an oxygen radical, and the TiN 
film) to the thin film which formed membranes. And it controls to repeat supply of the material gas to a 
substrate 4 top, and supply of an oxygen radical (in membrane formation of Ru film, in membrane formation 
of a hydrogen radical or an oxygen radical, and the TiN film, it is a nitrogen radical) two or more times. In 
the meantime, the inside of a reaction chamber 1 is always controlled to exhaust from exhaust-port 7a. 
Furthermore, it controls to supply inert gas (Ar, helium, N2, etc.) between supply of material gas, and 
supply of an oxygen radical. 
[0067] 

Next, a conventionally different process using the substrate processor of a configuration like drawin g 4 
mentioned above is used, and while controlling effectively and efficiently the effect of the balking gas from 
the built up film deposited in the MOCVD reaction chamber, an incubation time is controlled, and a 
procedure for surface smoothness to form Hf02 good film is shown. 
[0068] 

The process flow of the gestalt of the 1 st operation is shown in drawing 1 . Before loading a reaction 
chamber 1 with a substrate 4, only a bulb 20 is made open, and only N2 gas which is inert gas is passed one 
to 5 SLM in the reaction chamber 1 . Then, inserting in a reaction chamber 1 the substrate 4 with which 
defecation processing of RCA washing was performed to the front face, laying on a susceptor 2, and rotating 
a substrate 4 by the substrate rotation unit 12, in order to supply power to a heater 3 and to carry out 
homogeneity heating of the temperature of a substrate 4 to 350-500 degrees C which is membrane formation 
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temperature, a substrate temperature up is started (step 201). In addition, although it changes with reactivity 
of the organic material to be used, when using Hf-(MMP) 4, for example, within the limits of 390-440 
degrees C is good [ membrane formation temperature ]. Moreover, if the time of conveyance of a substrate 4 
and substrate heating (heating under a substrate temperature up and membrane formation is included) etc. 
opens the bulb 20 prepared in inert gas supply pipe 5a and always passes inert gas, such as Ar, helium, and 
N2, when a substrate 4 exists in a reaction chamber 1 at least, adhesion in the substrate 4 of a particle 
metallurgy group contamination can be prevented. In addition, it is still more desirable, when the substrates 
4 after taking out a substrate 4 fi-om the inside of a reaction chamber 1 , before carrying in a substrate 4 into a 
reaction chamber 1 fiirther do not exist in a reaction chamber 1 and inert gas is always passed. 
[0069] 

By the conventional approach, inert gas (N2 etc.) was only supplied on the substrate 4 into this substrate 
temperature up. However, in the gestalt of this operation, a substrate temperature up is started and it goes 
into a head end process in the condition that substrate temperature is lower than membrane formation 
temperature. A head end process is a process which reforms the substrate front face which serves as a 
substrate of membrane formation before membrane formation by two or more kinds of remote plasma 
treatment, and is a process which performs at a time continuously two or more kinds of one kind of 
processings specifically chosen from RPH (remote plasma hydrogenation) processing, RPCl (remote plasma 
chloridation) processing, RPN (remote plasma nitridation) processing, and RPO (remote plasma oxidation) 
processing. 
[0070] 

By supplying the hydrogen radical generated by being activated with RPH processing here using the plasma 
in the remote plasma unit in which hydrogen content gas (H2 grade) was formed to the exterior of a reaction 
chamber 1 to the substrate in a reaction chamber 1 It is the thing of a remote plasma hydrogen treating 
which makes a substrate front face hydrogenate. With RPCl processing By supplying the chlorine radical 
generated by being activated using the plasma in the remote plasma unit in which chlorine content gas (C12 
grade) was formed to the exterior of a reaction chamber 1 to the substrate in a reaction chamber 1 It is the 
thing of remote plasma chloridization which makes a substrate front face chlorinate. With RPN processing 
By supplying the nitrogen radical generated by being activated using the plasma in the remote plasma unit in 
which nitrogen content gas (N2, NHS grade) was formed to the exterior of a reaction chamber 1 to the 
substrate in a reaction chamber 1 It is the thing of remote plasma nitriding treatment which nitrides a 
substrate front face. With RPO processing By supplying the oxygen radical which made it generate by being 
activated using the plasma in the remote plasma unit in which oxygen content gas (02, N2 O, NO, etc.) was 
formed to the exterior of a reaction chamber 1 to the substrate in a reaction chamber 1 It is the thing of 
remote plasma oxidation processing which oxidizes a substrate front face. In addition, the radical generating 
unit 1 1 corresponds to the remote plasma unit which performs activation by the plasma of each gas. 
[0071] 

Although choosing any one processing and performing it as a head end process out of such remote plasma 
treatment (RPH processing, RPCl processing, RPN processing, RPO processing) is also considered (for 
example, RPH processing etc.), it is desirable that two or more kinds of processings are chosen, and it is 
made to perform them one kind at a time continuously out of these processings. For example, two kinds of 
processings are chosen and it may be made to perform them one kind at a time continuously, and all three 
kinds of processings are chosen (for example, RPN processing ->RPO processing etc.), and it may be made 
to perform one kind at a time continuously (for example, RPN processing ->RPO processing ->RPH 
processing etc.). It is good to choose all (three kinds) processing of these and to perform it continuously 
more preferably, (for example, RPH processing ->RPO processing -> RPN processing etc.). The case where 
RPH processing, RPN processing, and RPO processing are hereafter performed in succession in this order as 
a head end process into a substrate temperature up is explained. 
[0072] 

Into a substrate temperature up, RPH processing makes a bulb 24 open and supplies a hydrogen radical on a 
substrate 4 from the radical generating unit 1 1 (remote plasma unit). In addition, by making open a bulb 41 
(referring to drawing 5 (a)), to the radical generating unit 1 1 , hydrogen content gas (here H2 / Ar mixed gas) 
is supplied in advance, and it considers as the condition of having activated hydrogen content gas and 
having generated the hydrogen radical at it. a hydrogen radical — the radical supply pipe 1 3 — minding — 
radical shower head section 6b --**** ~ it is supplied in the shape of a shower on the substrate 4 on a 
susceptor 2 via the hole 8 of him and a large number. Then, supply of the hydrogen radical to a substrate 4 
top is suspended by closing a bulb 24, opening a bulb 23 and exhausting a hydrogen radical from by-path 
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pipe 14b. The RPH processing which supplies a hydrogen radical on a substrate 4 by this is completed (step 
202). 

By this RPH processing, pollutants, such as an impurity which may adhere to a substrate front face, can be 
retumed, or pollutants, such as H20 adhering to a substrate front face, can be removed, a substrate front face 
can be defecated, and it can consider as an activity surface state. Moreover, a substrate front face can make 
the condition that termination was carried out from hydrogen, the bonding strength of a substrate 4 and the 
film deposited on a degree can increase, and adhesion can be raised, if, as for the improvement in the 
adhesion of the film and a substrate 4, hydrogen intervenes [ the film and a substrate 4 ] at the time of 
association on atomic level — the condition that energy is comparatively small — association ~ generating ~ 
provoking ~ it is considered a sake. In addition, the bulb 24 prepared in the radical supply pipe 1 3 is closed 
after RPH processing termination, the bulb 23 prepared in radical by-path pipe 14b is opened, and since a 
reaction chamber 1 is exhausted through radical by-path pipe 14b so that it may bypass, supply of a radical 
does not stop the radical supplied from the radical supply unit 1 1 . 
[0073] 

In addition, it is also effective to replace with RPH processing and to perform RPCl processing at step 202. 
RPCl processing is remote plasma chloridization which makes a substrate front face chlorinate by supplying 
the chlorine radical generated by being activated using the plasma in the remote plasma unit in which 
chlorine content gas (C12 grade) was formed to the exterior of a reaction chamber 1 like previous statement 
to the substrate in a reaction chamber 1 . In RPCl processing, by making open a bulb 44 (referring to drawing 
5 (a)), to the radical generating unit 1 1 , chlorine content gas (here C12 / Ar mixed gas) is supplied in 
advance, and it considers as the condition of having generated the chlorine radical at it. 
[0074] 

During this RPH processing (or RPCl processing) and the next RPN processing, the bulb 20 prepared in 
inert gas supply pipe 5a is kept opened, and always passes inert gas, such as N2. Moreover, the gas supplied 
to the radical generating unit 1 1 before the next RPN processing is changed from hydrogen content gas to 
nitrogen content gas after RPH processing, and in the radical generating unit 1 1 , it considers as the condition 
of having activated nitrogen content gas and having generated the nitrogen radical, and the generated 
nitrogen radical is exhausted through radical by-path pipe 14b so that a reaction chamber 1 may be 
bypassed. 
[0075] 

RPN processing (step 203) is performed after RPH processing (step 202). Like RPH processing, into a 
substrate temperature up, RPN processing makes a bulb 24 open and supplies a nitrogen radical on a 
substrate 4 from the radical generating unit 1 1 . In addition, by making open a bulb 42 (referring to drawing 
5 (a)), to the radical generating unit 1 1, nitrogen content gas (here N2 / Ar mixed gas) is supplied in 
advance, and it considers as the condition of having activated nitrogen content gas and having generated the 
nitrogen radical at it. a nitrogen radical ~ the radical supply pipe 13— minding ~ radical shower head 
section 6b --**** — it is supplied in the shape of a shower on the substrate 4 on a susceptor 2 via the hole 8 
of him and a large number. Then, supply of the nitrogen radical to a substrate 4 top is suspended by closing 
a bulb 24, opening a bulb 23 and exhausting a nitrogen radical from by-path pipe 14b. The RPN processing 
which supplies a nitrogen radical on a substrate 4 by this is completed (step 203). It is thought that there are 
work which raises that insulation, work which prevents that the defecated substrate front face is resoiled 
again, work which shortens the incubation time in a membrane formation process in this RPN processing 
when the last device is an insulator layer like Hf02. In addition, the bulb 24 prepared in the radical supply 
pipe 13 is closed after RPN processing termination, the bulb 23 prepared in radical by-path pipe 14b is 
opened, and since a reaction chamber 1 is exhausted through radical by-path pipe 14b so that it may bypass, 
supply of a radical does not stop the radical supplied from the radical supply unit 1 1 . 
[0076] 

During this RPN processing and the next RPO processing, the bulb 20 prepared in inert gas supply pipe 5a is 
kept opened, and always passes inert gas, such as N2. Moreover, it considers as the condition of having 
changed the gas supplied to the radical generating unit 1 1 before the next RPO processing to oxygen content 
gas from nitrogen content gas after RPN processing, having activated oxygen content gas in the radical 
generating unit 1 1, and having generated the oxygen radical, and the generated oxygen radical is exhausted 
through radical by-path pipe 14b so that a reaction chamber 1 may be bypassed. 
[0077] 

RPO processing (step 204) is performed after RPN processing (step 203). Like RPN processing, into a 
substrate temperature up, RPO processing makes a bulb 24 open and supplies an oxygen radical on a 
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substrate 4 from the radical generating unit 11 . In addition, by making open a bulb 43 (referring to drawing 
5 (a)), to the radical generating unit 1 1, oxygen content gas (here 02 / Ar mixed gas) is supplied in advance, 
and it considers as the condition of having activated oxygen content gas and having generated the oxygen 
radical at it. an oxygen radical — the radical supply pipe 1 3 — minding ~ radical shower head section 6b — 
♦ *** — it is supplied in the shape of a shower on the substrate 4 on a susceptor 2 via the hole 8 of him and a 
large number. Then, supply of the oxygen radical to a substrate 4 top is suspended by closing a bulb 24, 
opening a bulb 23 and exhausting an oxygen radical from by-path pipe 14b. The RPO processing which 
supplies an oxygen radical on a substrate 4 by this is completed (step 204). By this RPO processing, 
pollutants, such as an impurity which may adhere to a substrate front face, can be removed, or pollutants, 
such as H20 adhering to a substrate front face, can be removed, and a substrate front face can be defecated. 
Moreover, it is thought that there is work which restores the interface defect generated by previous 
processing (RPN processing). In addition, the bulb 24 prepared in the radical supply pipe 13 is closed after 
RPO processing termination, the bulb 23 prepared in radical by-path pipe 14b is opened, and since a 
reaction chamber 1 is exhausted through radical by-path pipe 14b so that it may bypass, supply of a radical 
does not stop the radical supplied from the radical supply unit 1 1 . After generating an oxygen radical in the 
RPO processing as this head end process, the inside of a membrane formation process does not suspend 
supply of an oxygen radical to membrane formation process initiation, either. 
[0078] 

Although pretreatment etc. was not performed to the substrate in the former into the substrate temperature 
up which raises the substrate temperature before supplying material gas in a membrane formation process 
from a room temperature to membrane formation temperature In this invention, a substrate is received as 
substrate surface treatment processing in a substrate temperature up. RPH processing, It is made to perform 
two or more kinds of remote plasma treatment [ one kind of] chosen from RPN processing and RPO 
processing at a time continuously (with the above-mentioned operation gestalt, this order is performing RPH 
processing, RPN processing, and RPO processing continuously). Therefore, since Hf02 film will be formed 
by making into a substrate the substrate front face where the above-mentioned reforming processing was 
performed when material gas is supplied on a substrate 4 after substrate temperature up completion, it is 
thought that the thin film which an incubation time did not occur, could skip the karyogenesis process, 
consequently was excellent in surface smoothness can be formed. Moreover, it is thought that balking gas, 
such as H20 from a built up film, and other pollutants can be removed effectively and efficiently, and the 
effect on membrane formation can be prevented by the remote plasma treatment of the above-mentioned 
two or more classes. Moreover, by using the remote plasma treatment of the above-mentioned two or more 
classes, the great effort and the costs which were spent to reforming processing are reduced sharply, and the 
reforming processing on the front face of a substrate can be conventionally simplified compared with the 
former. Moreover, the reforming processing on the front face of a substrate is collected to an MOCVD 
system by this simplification, and a production cost can be reduced sharply. In addition, in this invention, it 
is pretreating using the gas activated by the plasma, and since the plasma energy is larger than heat energy, 
it can ensure pretreatment also in the temperature up which has not reached processing temperature 
(comparatively low-temperature condition). 
[0079] 

In addition, processing of these single strings may be repeated two or more times, sequence may be changed 
and performed, or various gestalten can be taken. For example, the case where a series of processings of 
RPH processing or RPCl processing ->RPN processing ->RPO processing in which it explained with the 
above-mentioned operation gestalt are repeated as much as possible in a substrate temperature up can be 
considered. Moreover, sequence is changed, and also when considering as RPH processing or RPCl 
processing ->RPO processing ->RPN processing or considering as RPO processing ->RPN processing - 
>RPH processing or RPCl processing, it is considered the above-mentioned operation gestalt. Moreover, 
also when choosing two kinds of processings from these processings, for example, consider as RPH 
processing or RPCl processing ->RPN processing, consider as RPO processing ->RPH processing or RPCl 
processing, considering as RPN processing ->RPO processing or carrying out as RPO processing ->RPN 
processing, without carrying out in RPH processing or RPCl processings, RPN processings, and all the RPO 
processings, it thinks. 
[0080] 

In addition, it is desirable in these pretreatments that it is especially made to perform two processings, RPN 
processing and RPO processing, at least like RPN processing ->RPO processing and RPO processing - 
>RPN processing. With pretreatment of only RPN independent processing, although leakage current can be 
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suppressed, the interface defect density of the last device becomes large, and worsens electrical parameters, 
such as flat band voltage Vfb and mobility mu. With pretreatment of only RPO independent processing, 
although the interface defect of the last device can be lessened, since leakage current becomes large, a 
limitation is rash to contraction-ization of device size. On the other hand, the demerit of the aforementioned 
independent processing can be mutually complemented by performing RPN processing ->RPO processing 
or RPO processing ->RPN processing. Moreover, RPN processing ->RPO processing or RPO processing -> 
if RPN processing is repeated two or more times, the aforementioned complement effectiveness can be 
strengthened. 
[0081] 

Moreover, it is also possible to maintain these processings not to the inside of a substrate temperature up but 
to the fixed temperature for pretreatment (for example, beyond a room temperature constant temperature 
below membrane formation temperature), and to perform them, and it is also possible to carry out after a 
substrate temperature up. Fundamentally, since these pretreatments are the means for raising the engine 
performance and quality of the last device, they change the gestalt by the application of a device. 
[0082] 

It waits after RPO processing of step 204 until a substrate 4 carries out a temperature up to the 
predetermined membrane formation temperature of 390-440 degrees C. Heating up times are usually 1 
minute - 2 minutes and 30 seconds. If allowances are in time amount in the meantime, when the cycle of the 
above-mentioned RPH processing (step 202) ->RPN processing (step 203) ->RPO processing (step 204) will 
be repeated two or more times, since the efficiency of a balking escape of gas goes up, it is desirable on a 
flat disposition. Moreover, it is good to prepare the nonresponsive gas supply step which supplies inert gas, 
such as N2, between RPH processing (step 202), RPN processing (step 203), and RPO processing (step 
204). 
[0083] 

After a head end process, after substrate temperature reaches predetermined membrane formation 
temperature, it goes into a membrane formation process. First, the material gas which made the bulb 22 
close, made the bulb 21 open, carried out control of flow of Hf-(MMP) 4 from the membrane formation 
feeding unit 9 with the liquid flow rate control unit 28, was made to evaporate with a carburetor 29, and was 
evaporated by membrane formation processing of step 205 is supplied to the substrate 4 in a reaction 
chamber 1 . When a bulb 20 is always poured, keeping open and carrying out control of flow of the inert gas 
(N2 etc.) with a massflow controller 46 from the inert gas supply unit 10, since material gas is diluted and 
agitated with inert gas, between the time of this material gas supply and the next RPO processings (step 206) 
is good, the material gas supplied from material gas supply pipe 5b and the inert gas supplied from inert gas 
supply pipe 5a are mixed with the feeding tubing 5 — having — as mixed gas — membrane formation shower 
head section 6a — ****-- it is supplied in the shape of a shower on the substrate 4 on a susceptor 2 via the 
hole 8 of him and a large number. By carrying out predetermined time supply of said mixed gas, HfD2 film 
of predetermined thickness is formed by the heat CVD method on the substrate front face as for which 
reforming was carried out by the above-mentioned head end process (two or more kinds of remote plasma 
treatment) (step 205). After said predetermined time, while suspending supply of the material gas to a 
substrate 4 top by closing a bulb 21 and opening a bulb 22, material gas is exhausted through material gas 
by-path pipe 14a. (In addition, although supply of the material gas to a substrate 4 top stops, supply of the 
material gas fi-om the membrane formation feeding unit 9 does not stop.) 
[0084] 

RPO processing (step 206) is started after membrane formation processing of step 205. After closing a bulb 
21, a bulb 24 is opened, request time amount supply of the oxygen radical is carried out on a substrate 4 
from the radical generating unit 11, impurities mixed into the film of Hf02 film formed by membrane 
formation processing (step 205), such as -OH and -CH, are removed, and RPO processing is ended. In 
addition, there is effectiveness which controls the effect of the balking gas from the built up film deposited 
in the reaction chamber like a head end process in RPO processing. Moreover, since it is maintained at 
predetermined temperature (the same temperature as membrane formation temperature) by the heater 3 
while a substrate 4 rotates, while being able to form the uniform film in a substrate side at a membrane 
formation process (steps 205 and 206) as well as a head end process (steps 202, 203, and 204), impurities, 
such as C in the formed film and H, are quickly removable to homogeneity. After said request time amount, 
while suspending supply of the oxygen radical to a substrate 4 top by closing a bulb 24 and opening a bulb 
23, an oxygen radical is exhausted through radical by-path pipe 14b. (In addition, although supply of the 
oxygen radical to a substrate 4 top stops, supply of the oxygen radical from the radical generating unit 1 1 
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does not stop.) 
[0085] 

This is repeated two or more times by making the above-mentioned membrane formation processing step 
205 and the RPO processing step 206 into 1 cycle. By this cycle processing, mixing of CH and OH can form 
Hf02 film of very little predetermined thickness. Moreover, there is effectiveness which fully controls the 
effect of the balking gas from the built up film deposited in the reaction chamber like a head end process in 
this cycle processing (especially RPO processing). That is, the effect of the balking gas from the built up 
film deposited in the reaction chamber can be further controlled by performing both two or more kinds of 
remote plasma treatment in a head end process, and the above-mentioned cycle processing in a membrane 
formation process. In addition, it is good to prepare the nonresponsive gas supply step which supplies inert 
gas, such as N2, between the membrane formation processing step 205 and the RPO processing step 206. 
[0086] 

The merit which repeats the membrane formation processing step 205 and the RPO processing step 206 two 
or more times here is as follows. If RPO processing is carried out after it is thick at a time, for example, 
forming lOOA of Hf02 film in it when carrying out RPO processing (impurity removal processing of C, H, 
etc.) to Hf02 film formed with sufficient coverage to the trench, an oxygen radical will become is hard to be 
supplied to the part in the inner part of a slot. This is because C in the film deposited on the outskirts of an 
entry of a slot, H, and the probability to react become high, and there are also many the amounts of part 
impurities, so the amount of radicals which reaches the part in the inner part of a slot relatively becomes less 
with thickness as thick as 1 OOA in the process which reaches to the part in the inner part of an oxygen 
radical fang furrow. Therefore, it becomes difficult to perform imiform C and H removal for a short time. 
[0087] 

On the other hand, in case Hf02 lOOA film is formed, when performing Hf02 film formation ->RPO 
processing in a step, for example, 7 times, what is necessary will be to carry out RPO processing as C and H 
removal processing only about Hf02 film per about 15 A. In this case, since C in the film deposited on the 
outskirts of an entry of an oxygen radical fang furrow, H, and the probability to react do not become high, a 
radical will also reach the part in the inner part of a slot at homogeneity (since [ that thickness is as thin as 
ISA ] there are also few those amounts of part impurities). Therefore, uniform C and H removal can be 
performed in a short time. Moreover, since it is between membrane formation of Hf02 film and the RPO 
processing which is effective in removing the balking gas from the built up film deposited in the reaction 
chamber will be repeated two or more times when repeating Hf02 film formation ->RPO processing two or 
more times, the balking gas-removal effectiveness from a built up film will increase. 
[0088] 

In addition, when Hf-(MMP) 4 were used for the desirable conditions in a membrane formation process as a 
raw material, as processing temperature was mentioned above, 390-440 degrees C and a pressure are about 
lOOPa or less. Moreover, the desirable conditions in RPO down stream processing after a membrane 
formation process are [ lOOsccm(s) and the inert gas Ar flow rate of 02 flow rate of the for / temperature / 
processing / about 100-lOOOPa and for radical formation in 390-440 degrees C and a pressure range ] Islm 
(s). In addition, it is desirable to perform a membrane formation process and a RPO process at abbreviation 
same temperature (as for the laying temperature of a heater, it is desirable to suppose that it is fixed, without 
changing). By not producing the temperature fluctuation in a reaction chamber, this is because it is hard 
coming to generate the particle by the thermal expansion of edge strips, such as the shower head and a 
susceptor, and elutriation (metal contamination) of the metal from metal components can be controlled. 
[0089] 

After Hf02 film of predetermined thickness is formed on a substrate of cycle processing of the above- 
mentioned membrane formation process 205, i.e., a membrane formation processing step, and the RPO 
processing step 206, a substrate is taken out out of equipment (step 207). 
[0090] 

In order to compare with the process flow of the gestalt of the 1st operation, the process-flow Fig. of the 
conventional example is shown in drawing 2 . In the conventional example, although inert gas (N2 etc.) was 
only supplied into the substrate temperature up to the substrate (step 208), into the substrate temperature up, 
RPH processing is carried out, RPN processing is carried out after that, and RPO processing is carried out 
after that in the gestalt of this operation (steps 202, 203, and 204). Therefore, with the gestalt of this 
operation, since the substrate heating up time of a process is conventionally used for the substrate surface 
treatment step by two or more kinds of remote plasma treatment added newly, while controlling the effect of 
the balking gas from the built up film deposited in the reaction chamber, without reducing productivity, the 
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surface smoothness of a CVD thin film can be raised. Moreover, in the conventional example, although 
membrane formation processing (step 205) and RPO processing (step 206) were only performed once, since 
membrane formation processing (step 205) and RPO processing (step 206) are repeated two or more times, 
while being able to raise the amount of removal of impurities, such as C in the deposited film, and H, with 
the gestalt of this operation, the effect of the balking gas fi"om a built up film can fully be controlled. 
Especially, with this operation gestalt, the effect of the balking gas firom a built up film can be further 
controlled by having combined the cycle processing which repeats two or more kinds of remote plasma 
treatment (steps 202, 203, and 204), and membrane formation processing (step 205) and RPO processing 
(step 206). 
[0091] 

Moreover, since Hf02 film uses for and forms the heat CVD method, unlike the film formed by the ALD 
method, it becomes good [ membraneous quality ]. That is, although it forms one atomic layer of film at a 
time, in order to form membranes at low temperature fi-om the beginning to the last, there are many amounts 
of impurities incorporated in the film, and membraneous quality is bad [ processing temperature and the 
pressure of ALD (Atomic Layer Deposition) are low, and ]. On the other hand, with the gestalt of this 
operation, in a membrane formation process, since processing temperature and a pressure are made to carry 
out multiple-times formation of the thin film (about 0.5-30A) rather than ALD using a high heat CVD 
reaction, it is more precise than ALD and the good film of membraneous quality is obtained. 
[0092] 

It is desirable that it is made to perform the nonresponsive gas supply step which supplies nonresponsive gas 
between supply of material gas and supply of an oxygen radical at a membrane formation process. Also by 
the head end process By the way, RPH processing. As for the thing with desirable it being made to perform 
the nonresponsive gas supply step which supplies nonresponsive gas between RPN processing and RPO 
processing, it is desirable but as above-mentioned that it is made to perform the nonresponsive gas supply 
step which supplies nonresponsive gas also between a head end process and a membrane formation process 
fijrther. In addition, since it is continuing supplying inert gas N2 through all processes, in the condition 
(condition which exhausted both material gas and a radical from the by-path pipe 14) which suspended both 
supply of the material gas into a reaction chamber 1, and supply of a radical, then a reaction chamber, only 
N2 which is inert gas automatically will flow, and it becomes a nonresponsive gas supply step 
automatically. 
[0093] 

Moreover, in a membrane formation process, supplying nonresponsive gas between supply of material gas 
and supply of an oxygen radical is based on a (nonresponsive gas supply process) and the following reason. 
If nonresponsive gas (inert gas, such as N2, Ar, and helium) is supplied before supplying an oxygen radical 
after material gas supply While the material gas in the ambient atmosphere in the reaction chamber at the 
time of supplying an oxygen radical after material gas supply by supply of inert gas is removable After 
oxygen radical supply, if nonresponsive gas (inert gas, such as N2, Ar, and helium) is supplied before 
supplying material gas, the oxygen radical in the ambient atmosphere in the reaction chamber at the time of 
supplying material gas after oxygen radical supply by supply of inert gas is removable. That is, material gas 
and an oxygen radical can be prevented from existing in a reaction chamber at coincidence, consequently 
generating of particle can be prevented. 
[0094] 

Moreover, it twists the shower head 6 to the following reason that a batch is in membrane formation shower 
head section 6a and radical shower head section 6b. A reaction of the raw material and oxygen radical which 
are sticking to the interior of the shower head 6 forms a built up film also in the interior of the shower head 
6. By dividing the shower head 6 with which material gas and an oxygen radical are supplied, it can prevent 
effectively that a raw material and an oxygen radical react, and formation of a built up film can be 
controlled. 
[0095] 

moreover, the thing for which the shower head 6 is divided — in addition, when passing inert gas to the 
radical supply pipe 1 3 and radical shower head section 6b and passing a sink and an oxygen radical to a 
substrate 4 from the inert gas supply unit which is not illustrated when passing material gas to a substrate 4 
further, it is good to pass inert gas from the inert gas supply unit 1 0 to the feeding tubing 5 and membrane 
formation shower head section 6a. In addition, as for the radical supply pipe 13, the inert gas supply unit 
which supplies inert gas to radical shower head section 6b and the feeding tubing 5, and the inert gas supply 
unit that supplies inert gas to membrane formation shower head section 6a, considering as common use is 
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desirable. Thus, if inert gas is passed to the radical supply pipe 1 3 of the side which is not used at a 
membrane formation process and a removal process, respectively, shower head section 6b, the feeding 
tubing 5, and shower head section 6a, the built up film formation to the feeding tubing 5, radical supply pipe 
13, and shower head 6 interior can be controlled still more effectively. 
[0096] 

Moreover, not stopping the oxygen radical/material gas used at degree process during supply to the reaction 
chamber of material gas/oxygen radical, but trying to exhaust from a by-path pipe 14 is based on the 
following reason. Preparation is required for supply of material gas/oxygen radical, and all require time 
amount by supply initiation. Therefore, during processing, supply of material gas/oxygen radical is 
exhausted from a by-path pipe 14, when always continuing supplying and not using it, without stopping. 
Only by this switching bulbs 21-24 at the time of use, supply to the reaction chamber of material gas/oxygen 
radical can be started immediately, and a throughput can be raised. 
[0097] 

Moreover, while the substrate processor is working, in a reaction chamber 1 , it is good to always supply 
inert gas (N2, Ar, helium, etc.). A bulb 20 is specifically opened from before substrate conveyance, and it is 
made to carry out the firm gas of the inert gas into a reaction chamber 1 from the inert gas supply unit 10. 
Passing inert gas also at the time of oxygen radical supply at the time of material gas supply at the time of a 
substrate temperature up at the time of substrate conveyance is always continued as well as the time of 
heating after a substrate temperature up. Thereby, the inside of a reaction chamber can always be made into 
the purge condition by inert gas, and the back diffusion of electrons to the reaction chamber of the material 
gas adhering to adhesion in the substrate of a particle metallurgy group pollutant, exhaust-port 7a, or an 
exhaust pipe 7 and the back diffusion of electrons into the reaction chamber of the oil from the vacuum 
pxraip which is not illustrated can be prevented. 
[0098] 

Moreover, although the gestalt of operation mentioned above explained how to perform a head end process 
into a temperature up, it is also possible for it to be made to perform a part of head end process and 
membrane formation process into a temperature up. For example, it is also possible to perform initial 
membrane formation with a head end process into a temperature up, and to perform this membrane 
formation after a temperature up. In this case, after making material gas adsorb on a substrate in the 
condition that it is still unreacted, it is made to produce a membrane formation reaction compulsorily by 
performing RPO processing in initial membrane formation. For example, it is also possible to perform [RPH 
processing ->RPN processing ->RPO processing] (pretreatment) -> [material gas supply ->RPO processing] 
(initial membrane formation) into a temperature up, and to perform a [material gas supply ->RPO 
processing] xn cycle (for it to be n cycle ******** processing about material gas supply and RPO 
processing) as this membrane formation after a temperature up. Moreover, it is also possible to perform a 
[RPH processing ->RPN processing ->RPO processing] (pretreatment) -> [material gas supply ->RPO 
processing] xn cycle (initial membrane formation), and to perform a [material gas supply ->RPO 
processing] xn cycle (this membrane formation) after a temperature up into a temperature up. 
[0099] 

Moreover, although oxygen 02 was used for generating an oxygen radical with the gestalt of operation 
mentioned above, oxygen content gas, such as N20, and NO, 03, can be used in addition to 02. After being 
activated by the radical generating unit 1 1 like [ NO ] 02 as N20 and generating an oxygen radical, a 
reaction chamber 1 is supplied. However, a reaction chamber 1 may be supplied as it is, without being 
activated about N20 and 03. This is because an oxygen radical is generated by heat in a reaction chamber 1 
after supply although supplied without making it activated, so the oxygen radical will be substantially 
supplied to the substrate. Therefore, it is contained also when supplying as it is, without activating 
[******] N20 and 03 when supplying the oxygen radical of this invention on a substrate. 
[0100] 

Moreover, although the gestalt of operation mentioned above explained the case where Hf02 film of an 
amorphous condition was formed, also when forming the amorphous Hf silicate film, it can apply. 
Furthermore, it is applicable also to film (for example, the TiN film, the TaN film, Ti02 film, Si02 film, 
20aluminum3 film, etc.) of other classes, such as metal oxide films, such as 20Ta5 film and Zr02 film, and 
metal membranes, such as Ru film. 
[0101] 

Moreover, although the gestalt of operation mentioned above explained the case where membranes were 
mainly formed using a heat CVD method, also when forming membranes using the ALD method, it can 
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apply. For example, it is also possible to perform [RPN processing ->RPO processing] (pretreatment) into a 
temperature up, and to perform a [material gas supply ->RPO processing] xn cycle (processing which forms 
membranes by the n cycle repeat ALD method in material gas supply and RPO processing) after a 
temperature up. 
[0102] 

In addition, although the gestalt of operation mentioned above explained the case where a dashboard 1 5 
divided the shower head 6 into membrane formation shower head section 6a and radical shower head section 
6b, and material gas and the activation gas containing a radical were supplied from the respectively separate 
shower head A dashboard is taken, the membrane formation shower head section and the radical shower 
head section are considered as common use, and you may make it supply material gas and the activation gas 
containing a radical from the same shower head 6, as shown in drawing 7 . 
[0103] 

Thus, material gas supplied to a substrate 4 in the case of membrane formation processing and RPO 
processing after membrane formation, If the activation gas containing the radical supplied to a substrate 4 in 
the case of the RPH processing as a head end process, RPN processing, and RPO processing is supplied 
from the shower head 6 used as the same feed hopper The foreign matter (source of particle) adhering to the 
shower head 6 interior can be covered and coated with Hf02 film, and it can control that a foreign matter 
falls on a substrate 4. Moreover, the film by which coating was carried out to the shower head 6 interior is 
exposed to the activation gas which contains a radical after coating, and can reduce sharply the amount of 
mixing of impurities, such as C and H, contained in the coating film of the shower head 6 interior by this. 
Moreover, although the by-product and cleaning gas which remained to the inside of a reaction chamber 1 or 
the shower head 6 interior are adsorbing when the inside of a reaction chamber 1 is cleaned by the gas 
containing Cl(s), such as C1F3, (this is called cleaning residue), the cleaning residue which remained to this 
shower head 6 interior is effectively removable by sharing the feed hopper of material gas and the activation 
gas containing a radical with an operation of the activation gas containing a radical. 
[0104] 

Moreover, you may be what was not limited to a silicon substrate but attached Si02 film thinly on the 
surface of the silicon substrate as a substrate of membrane formation, the thing which attached Si3N4 film to 
the front face of a silicon substrate thinly. 
[0105] 

The cluster equipment configuration in this operation gestalt is shown in drawing 3 . 
[0106] 

Cluster equipment is equipped with the substrate conveyance room 40 in which the substrate carrier robot 41 
was formed, the load lock chamber 42 which carries in / takes out a substrate to equipment, the 1st reaction 
chamber 43 which carries out substrate surface treatment (RCA washing etc.), the 2nd reaction chamber 44 
which performs membrane formation of pretreatment and Hf02 film to the substrate shown in drawing 4 , 
and the 3rd reaction chamber 45 which forms an electrode on a thin film. Among these, the 2nd reaction 
chamber 44 is equivalent to the reaction chamber 1 shown in drawing 4 . 
[0107] 

Conventionally, by the cluster equipment configuration, substrate surface treatment processing of substrate 
surface treatment, such as RCA washing, acid nitriding treatment, etc. was performed in the 1st reaction 
chamber 43, HfD2 film was formed in the 2nd reaction chamber 44, and the electrode was formed in the 3rd 
reaction chamber 45. Moreover, about substrate surface treatment processing of substrate surface treatment, 
such as RCA washing performed in the 1st reaction chamber 43, acid nitriding treatment, etc., it might be 
carried out in a different reaction chamber. 

On the other hand, after carrying in a substrate to a load lock chamber 42 from the outside of equipment 
according to the gestalt of this operation, Substrate surface treatment (processing which removes the natural 
oxidation film metallurgy group pollutant formed in the substrate front face), such as RCA washing, is 
performed in the 1st reaction chamber 43. In the 2nd reaction chamber 44 After performing RPH processing, 
RPN processing, and RPO processing as a head end process, Repeat Hf02 film membrane formation 
processing and RPO processing (impurity removal processing) as a membrane formation process, and Hf02 
film formation of predetermined thickness is performed (RPH processing ->RPN processing ->RPO 
processing -> [membrane formation processing ->RPO processing] xn cycle). An electrode is formed in the 
3rd reaction chamber 45 (poly-Si thin film formation and heat annealing treatment). And the substrate in 
which the electrode was formed is taken out out of equipment from a load lock chamber 42. 
[0108] 
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Since substrate surface treatment processing is performed as a head end process by this invention as 
mentioned above in the reaction chamber which formed the thin film conventionally just before thin film 
formation (the head end process and the membrane formation process are performed continuously in the 
reaction-of-identity interior of a room), Resoiling on the front face of a substrate can be suppressed to the 
minimum, and there is a merit of not applying much time amount or energy to the reforming processing on 
the front face of a substrate like before, or not resoiling during substrate conveyance. Moreover, since the 
remote plasma unit used at a head end process and a membrane formation process is sharable while the 
chambers which perform a head end process are reducible, the footprint (installation area) of equipment can 
be decreased and equipment cost can also be reduced. 
[0109] 

Moreover, since a head end process and a membrane formation process are performed in the same reaction 
chamber, it can pretreat using the conventional substrate heating time in the reaction chamber concerned. 
Therefore, even if it centralizes these two processings on one reaction chamber, it does not become the 
factor of a baton rise. 

Moreover, since a substrate is pretreated (for example, the Takakiyo purification processing of RPH etc.) 
and film, such as Si02, SiN, or SiON, can be immediately formed in a substrate front face after that by 
performing a head end process and a membrane formation process in the same reaction chamber, formation 
of a quality volume phase is possible. 
[0110] 

In addition, when performing the membrane formation process which repeats the head end process and 
membrane formation processing containing RPH, and RPO processing two or more times in the same 
reaction chamber, even if it performs N2 purge after a membrane formation process In the reaction chamber, 
the oxygen in the case of the RPO processing performed after membrane formation processing etc. remains, 
and it reacts with the hydrogen active species supplied by the RPH processing in the head end process at the 
time of this residual oxygen processing the following substrate. By moisture occurring in the reaction 
chamber concerned and the metal member in a reaction chamber oxidizing by this, and continuing RPH 
processing beyond predetermined time, although the problem which a metal pollutant generates can be 
considered, this metal pollutant can be removed and this problem can be avoided. 
[0111] 

By the way, although an equivalent for RCA washing may be carried out in advance by the substrate before 
processing with cluster equipment, when the natural oxidation film is polluted in this case by the ambient 
atmosphere which it is slightly formed and is dealt with, a smell can also delete the 1 st reaction chamber 43 
which performs substrate surface treatment (RCA washing etc.) further in the above-mentioned cluster 
equipment. In this case, before performing RPH processing, RPN processing, and RPO processing as a head 
end process in the 2nd reaction chamber 44, a substrate surface treatment process (processing which 
removes the natural oxidation film metallurgy group pollutant formed in the substrate front face) will be 
performed. That is, a substrate surface treatment process, a head end process, and membrane formation 
down stream processing will be continuously performed in one reaction chamber. 
[0112] 

As processing performed at a substrate surface treatment process, RPDC (remote plasma dry cleaning) 
processing is desirable. Here, RPDC processing is remote plasma dry-cleaning processing which removes 
the natural oxidation film metallurgy group pollutant formed in the substrate front face by supplying the 
radical generated by being activated using the plasma in the remote plasma unit in which cleaning gas (C12 
grade) was formed to the reaction chamber exterior to the substrate in a reaction chamber. 
[0113] 

The processing performed in the 2nd reaction chamber 44 is as follows. Namely, after performing RPDC 
processing, using C12 grade as a substrate surface treatment process, RPH processing, RPN processing, and 
RPO processing are performed as a head end process. After that. Membrane formation processing and RPO 
processing (impurity removal processing) will be repeated as a membrane formation process, and the thin 
film of predetermined thickness will be formed (RPDC processing ->RPH processing ->RPN processing - 
>RPO processing -> [membrane formation processing ->RPO processing] xn cycle). In addition, by 
performing RPH processing after RPDC processing, the residue of C12 in RPDC processing can be 
removed, and the organic substance and the natural oxidation film can fully be removed from a substrate 
front face. Therefore, as for after RPDC, it is desirable to perform RPH processing. 
[0114] 

As mentioned above, delete the 1st reaction chamber 43 which performs substrate surface treatment 
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processes (RCA washing etc.), and it sets in the reaction chamber which performs a head end process and a 
membrane formation process. Since the substrate surface treatment process is performed just before the head 
end process (substrate surface treatment, pretreatment, and membrane formation processing are performed 
continuously in the reaction-of-identity interior of a room), resoiling on the front face of a substrate can be 
suppressed to the minimum, and there is a merit of not resoiling during substrate conveyance. Moreover, 
since the remote plgisma unit used by substrate surface preparation, pretreatment, and membrane formation 
processing is sharable while the chambers which perform substrate surface preparation are reducible, the 
footprint of equipment can be decreased and equipment cost can also be reduced. 
[0115] 

As mentioned above, although the gestalt of operation of this invention was explained, following (1) - (8) is 
considered as a modification of the flow of effective processing. A series of processings bundled with {} 
show the processing performed in the same reaction chamber during the following explanation. 

(1) {RPH or RPCl->RPN->RPO-> membrane formation} 

As pretreatment, it is made to perform RPH processing or RPCl processing, RPN processing, and RPO 
processing in this order. RPCl is chlorine pretreatment which activates and supplies the gas which contains 
chlorine to a substrate here. Moreover, membrane formation corresponds to the membrane formation 
process mentioned above, and is specifically equivalent to x(material gas supply -> activation gas supply) n 
cycle (following, the same). These processings are performed in the same reaction chamber 44, for example, 
the 2nd reaction chamber. 
[0116] 

(2) {RPH or RPCl->RPO->RPN-> membrane formation} 

As pretreatment, it is made to perform RPH processing or RPCl processing, RPO processing, and RPN 
processing in this order. These processings are performed in the same reaction chamber 44, for example, the 
2nd reaction chamber. 
[0117] 

(3) {RPH or RPCl->(RPN->RPO) xn-> membrane formation} 

As pretreatment, it is made to perform RPH processing or RPCl processing, and (RPN processing -> RPO 
processing) xn cycle in this order. These processings are performed in the same reaction chamber 44, for 
example, the 2nd reaction chamber. 
[0118] 

(4) {RPH or RPCl->(RPO->RPN) xn-> membrane formation} 

As pretreatment, RPH processing or RPCl processing, and (RPO processing -> RPN processing) xn cycle 
will be performed in this order. These processings are performed in the same reaction chamber 44, for 
example, the 2nd reaction chamber. 
[0119] 

(5) {RCA washing or RPDC} -> {(RPN->RPO) -> membrane formation} 

RCA washing or RPDC (natural oxidation film removal) processing is performed first in the 1 st reaction 
chamber 43, and RPN processing and RPO processing are performed and it is made to form membranes 
after that as pretreatment subsequently to this order in the 2nd reaction chamber 44. 
[0120] 

(6) {RCA washing or RPDC} -> {(RPO->RPN) -> membrane formation} 

RCA washing or RPDC (natural oxidation film removal) is performed first in the 1st reaction chamber 43, 
and RPO processing and RPN processing are performed as pretreatment, and it is made to form membranes 
after that subsequently to this order in the 2nd reaction chamber 44. 
[0121] 

(7) {RCA washing or RPDC} -> {(RPN->RPO) xn-> membrane formation} 

RCA washing or RPDC (natural oxidation film removal) is performed first in the 1st reaction chamber 43, 
and, subsequently to this order, RPN processing and RPO processing are formed n cycle repeat and after 
that as pretreatment in the 2nd reaction chamber 44. 
[0122] 

(8) {RCA washing or RPDC} -> {(RPO->RPN) xn-> membrane formation} 

RCA washing or RPDC (natural oxidation film removal) is performed first in the 1st reaction chamber 43, 
and, subsequently to this order, RPO processing and RPN processing are formed n cycle repeat and after 
that as pretreatment in the 2nd reaction chamber 44. 
[0123] 

(9) {(RPO->RPH or RPCl) xn-> membrane formation} 
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The layer which incorporated the metal pollutant is formed as pretreatment, and it is made to perform 
processing which removes and carries out oxygen termination of it. That is, Si02 film containing a metal is 
formed on a substrate, removing pollutants, such as the organic substance, by RPO processing to the 
substrate which has organic substance contamination metallurgy group contamination etc. first. 
Subsequently, RPH processing (or RPCl processing) removes Si02 film containing the metal. In addition, 
Si02 film which contains a metal at this time is easily removable. This is considered because Si02 film 
containing a metal is in an amorphous condition. And a metal, the organic substance, etc. which have 
entered the interior fi-om the ft-ont face of a substrate are removable by repeating the process of these RPO 
processing ->RPH processings (or RPCl processing). 
[0124] 

[Effect of the Invention] 

While being able to control effectively and efficiently the effect of the balking gas fi-om the built up film 
deposited in the reaction chamber according to this invention, an incubation time can be reduced and the 
surface smoothness of a thin film can be raised. Moreover, the great effort and the costs which were spent to 
the cure of the balking gas fi'om a built up film until now can be reduced sharply, and the reforming 
processing on the fi"ont face of a substrate as a head end process can be simplified. Moreover, the reforming 
processing on the fi"ont face of a substrate can be collected to an MOCVD system, and a production cost can 
be reduced sharply. 
[0125] 

Moreover, according to this invention, since a membrane formation process can be performed succeeding 
immediately after a head end process, resoiling on the fi*ont face of a substrate defecated with pretreatment 
can be prevented. Moreover, a production cost is sharply reducible. 
[0126] 

Moreover, while controlling the effect of the balking gas fi'om a built up film according to this invention, 
without reducing productivity, an incubation time is controlled and the surface smoothness of the film to 
form can be improved. 
[Brief Description of the Drawings] 

[Drawing 1] It is a process-flow Fig. by the gestalt of operation. 
[Drawing 2] It is the flow Fig. of the process by the conventional example. 

[Drawin g 3] It is the conceptual diagram showing the cluster equipment configuration in the gestalt of 
operation. 

[Drawing 4] It is the outline explanatory view of the reaction chamber by the gestalt of operation. 
[Drawing 5] It is drawing which illustrated the configuration of the upstream of the radical generating unit 

in drawing 4 . 

[Drawing 6] It is the conceptual explanatory view of the CVD reaction chamber of the conventional 
example. 

[Drawing 7] It is the outline explanatory view of the reaction chamber by the modification of the gestalt of 
operation. 

[Description of Notations] 

I Reaction Chamber 

3 Heater 

4 Substrate 

5 Feeding Tubing 

6 Shower Head (Feed Hopper) 

6a Membrane formation shower head section (material gas feed hopper) 
6b Radical shower head section (activation gas supply opening) 
7a Exhaust port 

9 Membrane Formation Feeding Unit 

10 Inert Gas Supply Unit 

I I Radical Generating Unit 
13 Radical Supply Pipe 

25 Control Unit 
20-24 Bulb 
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3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



{ 



s 



[Drawing 2] 



I mmmm [ <y>M 



E 



RPOM 



[Drawing 3] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



4/4/2006 



JP,2004-006699,A [DRAWINGS] 




http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,2004-006699,A [DRAWINGS] 



Page 3 of 4 




[Drawing 6] 




[Drawing 7 ] 
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[0015] 

f^6(D^m\t\ Mi(75^Bj»c*5(,iT. MfBM^asxign. tfiieM^tfrfiasxgRt/cfafBSE 
mwimmiLmo^miz. sistc^bx^m (h) <£-^tj';^x&fiH4<tLT««&-rs7K*mr«!i 
sxa*fc«^^ (ci) *#tj;tfx*ffitt<tLT«ts&T-5migsft«a sx s & ^ e. c ^ 

[0016] 40 

■5 Cl t ^ i^F ® <i: -r -2. ¥ ® ft: S a ® iS it ffi -e S . 
[0017] 

mScD^H^fi, ^2c7)^Bq(C*3ViT. *trf3 7K^W^3SXS*fc«:tt^mt«asxS©fStc:. 

s. Wffi*siiwiaisxs*fctt^sim«LSixgo«fc, Miessiflfrffligxs, Br^WMs 

[0018] 

9 <Dmm\t, m2©%B^tc*3<,iT. wEtfifflsxgtt. miiezmnmizio^^x mn:fi 7. 
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[0019] 

iti'TVTm^'^-r^^mmmmiimt. mm (o) >s: 7. ^ is ^<ti^x mt^-r ^wtm 

[ 0 0 2 0 3 . 

mi i<D5gM«. m3<D^m\zm>^x. ffirSBW^iaiStt. 7K5S (h) *^ty^:^*flH4 

it r m T ^ 7i<. m mm Jim ^ fcitm m (ci) ^^tj:tfx$si4{tLT#^st-rs«3g 
M«a3ixg<i:, (N) ^^ts^:xt:m^iti'Tm^-ri>^mmmmj:mt, wtm (o 

K it :^ T * -5 . 

[ 0 0 2 1 3 

■7^mi^xis^{ft^cii^i^mt-t?>^m»^m<Dmm:^m, mw.mmmmx$> ^ . y 

[ 0 0 2 2 ] 

mi 3co^ig«, mi7!»smi 2ro^?^f3*3t.^T, Wimmmmi:mx\t. ii 7.^ . 

T # -5 . 
[ 0 0 2 3 3 

mi4(D^B^fj, mi7!/Mmi3©^H^lC*5ViT, 8f[t2 7K3^mr^aSie«. SISt'^LT 
[ 0 0 2 4 ] 

mi5(D^?g«, mi75Smi4ro^Bgfr^tiT. Sfriefi£)KXS(C*3t.iT^fflt--l>1^5pf;Jt/ 

T ^ S © T . U h €r ^» . 
[ 0 0 2 5 3 

mi 6®f8igtt. miTlSmi 5©5g^t*5(riT. Mi3J«llX8«. »«fC*fLT. I^i|sf 

:tfx€r^s&-rsi^i|6f:tfx«$gxgi. z. <D m.n u 7 m^'ik\z . ii^^m'&itvxm^^r^ 
^^itu 7^miLm ii^m . m^^miLm\zx m-m-r ^wiPtiJ x\^. Hf [oc (ch 
3 ) 2 cHg 0CH3 ] 4 s:^^kLT»&n-5:tfx-e»i3. m 0SL-r ^ nwk\t.ii f ^ ts Wk 

[ 0 0 2 6 3 

mi 7 (D%m\t.. miTJMmi 5co%?gic:*5tiT. MIBfigMXS«, SSfC*fLT/^i|£f^ 
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■this^<t:»7.^^xmt'^mv. m m ss.m Jim iz X m m -r ^ m m :^ 7. it . t a (.o c 2 

[ 0 0 2 7 ] 

r ^mitit:ff x^mumt^m V. mvifinrnxmizx^mr i>^ni} 7.\t, ru (Cg h 

5C5H4) 2 (fxx?;u->i7D^>3'>?x-;i/;U7^-'i'A) . Ru (CsHg) (c 
4H9 C5 H4) (y?;i-;P7^y-k>) . ru [CH3 cochco (cHj) 3 CH3 

] 3 (hUX2. 4 :!t ^ > :t -t h Jl 7" - A) , Ru (C2H5C5H4) ( (CH 
3)C5H5) (2, 4>'^5^;i/^>3'>?x-;i'X5^;u->i7a'^>^>'xn;i.;i/7=- — ■i'A 
) . *fc«Ru (C7 Hg) (C7 H, i O2) ®fsjtl*^^^^kL.T#e>n-i);yx-C*f? 

[ 0 0 2 8 ] 

-r5fiH4{b:tfx«i^xStS:*L, H9ffifdcKxSf;:Tffifflrs®i|sf:tf;^«, t i [ (OC 

H (CH3) 2) ] 4- Ti (OCH2CH3) 4. Ti [N (CH3) 23 4 - ^fc\t 

Ti [N (CH3 CH2) 2] 4 <o m tia^ ^ m<t V X m ^ ti ^ X X $> V . m^T ^mit 

[ 0 0 2 9 ] 

x<£'«*s-rsi^ipf:yxtt^isi:. z mn 7. m xu (D m: iz , ^7st:is^itvxm^ 
■r ^ myitis 7. mt^xm t , miBm^itfi 7,mi^xmxit, 02 , Ng o. no, 
Ar, H2 . N2 . NH3 f£ ^ m m n fz t£ < h % — mm <n 7 ^ ^ ^ X ^ 
\z^iom^^ti.x^i^t^:Lti^mt-r^^mi^mm<Dm7&:^m. mwimmmmx$>^ 

o 

[ 0 0 3 0 ] 

^ 2 1 (Dm m it, mi7!»S^2 0cD^B^(r*5UT, WIBftfFmSXST«. (N) 
tr;9;^*ffi1iYt;LT«^r^^^Htri!!iiSXgi. (o) *^ty;^x$Stt{kLT«*g 

^asgg-cab^, WMsxaT«, ^mmmmxmtwtmmmmxmt^no:it\z^o 

.5gW^aaxgt*c<DUafrfT5 dticjco. iSfc$fe©g*saJ!iSlxSJ;:TS^®^(:RSdt%^ 
LfctLTfc. ^®gs3S«(r^aaxsjcTK5^iS^i5is*<<^«$nss!i«*«#^n-5tc:^. 
^:n^s*Mi8isxsa:Sf^w«[i3ixs<h*i«sciHij5|ipii-rc:i{cj:o> 1 moymcmL 
X m ti ^ ±$im M ^ izm ^ t X ^ ?> . 

[ 0 0 3 1 3 

m 2 2 cr> m m \t , 1 n mf^ 2 1 iz ^ X , 'P U < t h ms tEms m^m X m it , SM^iggs 

3o*i»^L<. ^ \zitmmmmmmxm, tj^asxa^fe j; tXfiKMxs(75T'<T©xa 

[ 0 0 3 2 ] 

m 2 3 (D mm it, =7 V ij )\^ , i^ti wtm^ i^tuuff^'^a^ ibmifi^ ntimscm 
m<D 7 i^ti }ut:M^iz^ vx -mmr-ommhx mi^-r ^msmmxm t , mtzmsmmxm 
<D ± iz T ^Eji-y 7 7Vim<D^mmm^rzit^mmitmi^^mnSL-r ^B^mxmt, ^ 
m-ri> c t^^&iii-r.^^^mw&s<omm:^mx$>^. gimxmmiz, tgisas©?-:^* 
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s^tznvx -mm-r^m^LT m^r ^mmmnm^n ■:> X ^ <^-v . mocvd 

i!i^>b<Dms!iiJ:^<^Mm\zKivxm'^^nx vi^c ^^:kt£^tl'pnm^±m^zwlmx^^tt 
'biz. xmmm(^^nmm=&iAo c V D^m^mi^-r ^ tii^x^ . ^S37.hsr:^*stc 
gij a T # s . 

[ 0 0 3 3 ] 
[ 0 0 3 4 ] 

2 5 (D^m\t. m2 3Sfc«^2 4<^%?gjC*5t,^T, mSSfifemxStt. S«fC?*bTI!l 

WL", c:ne,<7)xg^«§:iHi»i9ii-rci:i::j:OBfMOTajf!i&wrs»iK^j^fiK-r^ct 
^#M<t-r^¥^<*^B<?5Kit:&ftT*^. «t Jim t ^ 'J ij )v mm Jim t ^ u 

«K*^e.cD«JBi;tfX«^#S:UP*iJ-r'5^!j^fca&5.. 20 
[ 0 0 3 5 ] 

^ # Si t r -5 ¥ » S K « « ffi T * ^ . 
[ 0 0 3 6 ] 

F^JcJS^^fX^«S&t-Si^!|sf;tfX«i^Pi:, TKSN^i?;??;!^, S^^^v^^P 

^: . h - ^ tC <t 0 SIS iJDf^ b TS«^«*ifi£M?aS ct 0 fc« tt^TW fBIt O 7 30 

7ii m ^ ti )\^ . y 'J ti )v . m.m'yvti)v<D^t^^miR^ntz-'mm<r>^'jti)v^^t^ 

[ 0 0 3 7 ] 

m ^ 'J ti )i<D^t^ ibmiR^ ntz-mm<D ti )v^mi^r ^ um-r ^mn^wc'Si^-t 40 

SiitCck^T, WtBm2 4O^?g<:Di)^j^^SB<0Kjg:&te*^m(c^l)!ffi-e^-5. fjiJ. 

»«#a't'fcsaiBi«s:as©7i?*;p*sji£i:^rt®««t**bT-aaToa^LT«isa 

M T # •!) o 
[ 0 0 3 8 ] 

^2 8(?D^I««, ^2 3~^2 7ro5g|«f:^t»T. flaffittS:a!S©5-:?*;P«. *3RJ^^ 50 
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S1SffiSgBT-*-5. ^ 'J ii (D ^ X' h \z V - \- y X \ZX mmtV tz y ti )V ^ 

^ iz th\Z. ^ y ^ zi. ^ - iy B y ■5' -i h, ^ . nm<D^m.^t:^±^^±^ Z. iiii^X'^ 

s , 

[ 0 0 3 9 ] 

7X•7M^k^^l3l. e!5g^*:tfx^'j^:-h7'7X-7rL-«y ht::Tffitt<t-r^^i.inc±o^ 
^s-a-fcffi*^-:^*;i/*fflt»TS«SB*S!<t$-e-s'j^:-h:?'7X-7g!<b«as©4'*»e. 
^iR^ ntz^^mmo:) - h ^ x-7 m.m^m^^\zn — mm.-r-Dmm.L'Xn o mm 
X ^ ^ ^ L^^m h-r ^^m^^m<Dm.m.:f5m. x«»isiais«®T*-5. u^r-h^^ 
x-7jfflao>f>Tt). ^cu^-ht/^xvTK^-fbMs. g^i — hir^XT^-ftjaa, ut: 
- h:/7X-7K<t^!aa©tfi*>e.s*?sn;t^aas®ms*a^LTff5 citcj;^, s 

^ - y 3 y ■Sf ^ . ^iK«¥Stt*r^±^i*-2>vii*«-x?#^. 20 

[ 0 0 4 0 ] 

^k^ffls. wiBu^r-hT'^x-^s^k^a. mm^) h •:r =y x-^m.itK^m^ z. (Dmxmm 

itc'j^-hT'^x^jicsSft^aa. 'j^:-hy7XTS<bMs. — h zf ^ x^fkitwk 
m.<r)±x ^ z.(Dmxmm\yxn iitfcto, ±E^»**®«a:ja:s. 

[0041] " 

[ 0 0 4 2 ] 30 

b, ^mT.m\z^^^x^m-r ^mm^ i [oc (CHg) 2CH2OCH3] ^s: 
m {b L- ;y X T- 0 . <D m iz mm -r ^ y -y ti )i \imm y t) ji X ^ . mi$.-r ^Mmiit 

[ 0 0 4 3 ] 

m3 3<^^BJ(J. ^3 1©^BJ(c43t,iT. ttrfBfi£iliXS«. S«l'?*LTl^i|Sf:tfXS:«^ 
•r-5m^:yx«J&X@<i:, l^isf;*fx«$&«Jr7v;<j;i'^««S-r-57i^*JI/««&xS<»:^&^ 
b. figlKXglC*3tiT^ffl-rSi^i|ef;tfX«Ta (OC2H5) sS:^^kLfc;^XT*0, 

^ (r>^\zig^i^-r ^ "7 -y ti )v\tmmy V ti )vx $> K> , m-^-t ^nm\t.T a 2 05 ikts-s^: 4o 

[ 0 0 4 4 ] 

■r^Ji*4;yx«$txgt. fii|sf;yx«^^ic7>';^j;psrfti^-r^5>':^;i'«$&xsi:^w 
^mumizuf^^xmrn-r ^mn:fj x^iR u ic 2 H5 Cg H4 > 2 $^{bbfc:tfxT 

[ 0 0 4 5 ] 
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L. fiKMXStC*5tiTffiffl-r-2.JHBf:tfXttTi (N (CH3) 3) ^ ^ ^it 7, X' & 

[ 0 0 4 6 ] 

[ 0 0 4 7 ]. 

m37<058BJtt. 3 6 (D^miZiSl^^T . fltT IB S « « ® «1 S X S t W 12 ffi ^1 S I S i t(I IB 10 

[ 0 0 4 8 ] 

^3 8©l6?gtt, m 3 6 * 3 7 coi€l«fC*3l.iT, W IB S « S ® «[l S X S tt , U- 

»BT * ^ . 

[ 0 0 4 9 ] 20 

3 9 <nm^}t. ^2 3~^3 8®^?gt'*liT. '>?Jt<tt)«ftffim«iSXStt. ««« 

[ 0 0 5 0 ] 

[^BJoHiSoj^Si] 

[ 0 0 5 1 ] 
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^ 1 \zmum^=L 




1 2*«^tte>n. »«i5i 
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1 


2 J; 0 T S 


^ 1 




h — ^ a.~y h 1 8 




LT, ■y-'feyiS' 2 ±oa 


« 4 * 




^ X.'D\Zts.-z> 




■5 . 


s « 4 * mte $ -& s 




m a? T -5 ^ V * ^ ^ a. 




1 


1 






;^ )V 40 



mxt ^^m'&i3 7.ti^mwL A (Dmn\zi^ — \z'fi ^ ^ o \z-r ^ ti^x $> ^ , z.n\z^r) 

«gBTSWj!D:ilXS7?«, g!lg5>?*;i'^S3S^>?*;i/^*5!l7S?*;i'*»«4<7)®|^C 
i^-t-^^f^Ct^^T'^, S«4©®|^(C*5fc01^-/j:Sfr«aS<&JSfC<i:*«-e^-5. * 
^c^MfSfiKIKXS-Cfi. lg3|s4;«/X«-»1S40®(*3(::l^-C«$&-r-5 ^ , S « ® 

[ 0 0 5 4 ] 

Sl£i:^lrtCDlJ--fe>^^'2«±:&C#&©?L8**-r-5>'-V'7-'\-yK6*«^lte.n 50 
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-5. •>^'7-'\-vK6«..tt^Sl5('J:oT«M->-\''7-'\->'KgP6a. ^ t) Jl ^ 
[ 0 0 5 5 ] 

7D-n>ho-54 6*<ISttens. :tfXiSip^i:L-TttHf - (MMP) ^ Uiz<0^m 

^m^m^^^c ^Stt;^Xi:LT«Ar. He. ^ti:*ffiV^-5. fiK K S ^sf 

[ 0 0 5 6 1 

->v'7-'x-:/ Hg|56 aizmn:^xtTm^:ii:^ta:)m.'^:a:^^mm-r^^z>\zfji':>X^^^ 

, mn:»:^msei'S5h.^s\±^:xm^W5aiz\t'tti'enA)u:/2i, 2 o t:mn. 

ne)«/\*;i/:/2 1, 2 0S:iBEB-rSJ:ttCJ:i9. IS!^;5fXt:^f§tt:i!fXtOiB^:i!f:^<iD« 
[ 0 0 5 7 ] 

V * ;U ^ :3L - .y h 1 1 « > «aj ^ « 'J t - h 7 X Trr - h J; D « fig ^ n -5 . ^ v * 

;w ^ * :i -y h 1 1 T git fine « . 5* >7 ;u -> •\' -7 - ^ -y F 6 b tc ^ n -5 ^ 

h* 6 O 5 * -> ^ -7 - -y H S5 6 b f;i . K ^ ;^ ;P , S SI 7 * ;l' , * ^ 5 * ;p , 

^ 5 :^ . x\tmm ti )i . x\ty y\tmmy i^ti ji^'tn^tim^-r^^^izu 

o T v> -5) . s > 7 :^ ;u «t ^ 1 3 « /N* :/ 2 4 s ^ . /n' ^i^ :^ 2 4 M IB f -S Cl <*: 
~y h I 1 \z^^x, :^^m<DiJ 7,m^<t=L-':/ h a^m^^ nx i,'^ ^ . 

[ 0 0 5 8 ] 

7 * Jl' ^ ^ :i n h 1 1 « . 7. ^ m \i.it h X ^ i> t) ^ ± 0Z . ^^h tc^ -Jti 

m^unx m ^ 'J ti )i \it . fLx n f - (mmp) 4 ts. a (d m n ^ m z> m 
« . m ^\tmm "7 13 )v -f)^ ^^'^ . z.n\t. h t o 2 Wk^m\M.m\zc^nts. ao^misau.^ 
^as*^^«jcmgT€fs*»e.Tfe-5. ts.ii. mn hvx ^ B T a ^ m^^xT a z o 5 m 

^}^fiK-r-5«-&tt, fisjAtiiE?g^>^;tj;i'*«<J:l.iL. Ru (EtCp) 2*>S''^"^RuW- 

R u o 2 m^m^t ^m^^it.iii.m^ ti )v^tc\t^m^ =j ti )v {<^\z7Km ^ z^ fj )v) 

t^L. Ti (N (CH3) 2) 4*ffl(.iTTiNM^J^fi£-rs*l^«. 
li, Sfc. *«e4*l-W«jtife'v=bJ^fi£$nsig«IKS:|»S-rSi'U-ri>^XSTffli.»S 
^ * ;P tt C 1 F 3 5 * ;P 3&i A t> . 
[ 0 0 5 9 ] 

«02. NO. N2 0^) S««&t-^S!5g^*;yx«i^rL-yh. g^i^^<&^tr;!!;x ( 
F3 . c 1 2 ^) &«i^-rs«i3B^*:tfx««&i:i«y hd^sj^^nx, ta^aaxsj'^ffl 



(12) 



JP 2004-6699 A 2004. 1. 8 



r^S^^^W:tfX. 7K^^W:^X, Xti«m^W:trx (C 1 2 ^) ^ 

^ Tit O T (/i ^ o 

[ 0 0 6 0 ] 

:H: <t M , H 5 ( a ) iZ^-r ^ o \Z . ^ tJ )U^^=L - y h I 1 <D ±mm\Z^t. :i<OD. 

2 ;yx«*$S^-f>3 3. ifi^^W:^X^bT<DC 1 F3 (C 1 2 ) :tfX««&^-f>34:i&^ 
;<-<>^-f>30<h±tB&:tfX#t«&^^>3 1, 32, 33. 34i:CDS^gi5i^tC«, 

n-?n /K;i/y4i, 42. 43, 4 4 fAm\f ^ nx i^^x . c:ne»/^;i^:/<7)S->«?*pigB-rs 

tC7S:oTli-5o i^, cne»/N*;U:/4-l-44<7)BBS$!lWtt. $!l»^m2 5JCJ:-QTfTt)n 

*^.±iB^<>3 1, 32. 33. 34JcJ;i. -^niPn8fta$!lffl!*g^LTc^MFC3 

la. 3 2 a, 3 3 a, 3 4a;^^^iStt^nTt/iT, ^K&^-f>}&^^O:tf;^c0«/^§a^$!l 
mx ^ ^ ^ O \ZU ^ X ^ o SfC. ;<-f>^-1'>^8Sn'S)Ar;tfX(7:>Sg»t)MFC3 0a 
i o T M fl? T ^ ^ 5 o T S o 
[ 0 0 6 1 ] 

&.±(Dm^t-r^z.t \z^D. ^ ti ju^^zL - y h 1 i;5^^*^, g^*. m.m ( 

«4^«^J^T#^o ^nf'iO. ««4t3^#bTMOCVD5!lS*fT5itt(rotft«l31tL 

T, ^Mit-^RPH, KPN, RPO. RZSR P C I mm^^mx ^ ^ . ^ fz . MOCV 

D mm ^ R F xaim (x = h. n. o. cm ^mo j^vx c v d mm^ff z> z ^^^x^ 
-SoM^w. ciF3^i^*;p**rjffl-rn«, 3 0 0 x: \z itf ^ K ft^ ^ I (D ± ju y i7 

t\Z^D. tJ Jl^^=L - y h I I Xlit. ^^VXzfyX-^^^^X^^^olZfji^O 

;i/y4 1~44lCi:oT±fBS':yx^^0S;^TRPXi!lS(X = H, N. O, CI) S: 

frv ^y\zLrzf)>^. ^m<Dm^f)^mm:Kmiti^r\zmtSo 

[ 0 0 6 2 ] 

m 5 (b) \t. ^ > y ^ > 3 0 t ±tif3 7.mf^ y > 3 1 (32. 33, 34) ii <D 

6^ \Z ^ » tl fc Jl :f 4 1 (4 2, 4 3, 4 4) ^fc»O^K:^LT*L;tST&^. 
CKDctptC. A';i/y41 (42. 43. 44) tC*5tt^##:41a (42a, 43a. 4 
4a) \t. y ^ > 3 1 (32, 33. 34) tCiSfrt^Hg:^^^ (Na:^^^. 

02:tfx, CIF3 (CI2) ^ ommmizmm^ nx r) . zniz^-^x . ^< y 
y ^ y-^mti^ A X 7.o:> ^i^^mn'L.ut'^ ^ . w 2 n 7. . Ng^^/x, o 2 ^ ^ ^ cif 

3 (ci2):^xc^)^n^n<^«$gcox^^-h/xh^yysrr«'^<fT5c^;J^^'C€r^<k 
•9 o T -5) o *5 , /\* y 4 1 - 4 4 ^ L T . ^.-^j n )\^ ^ ^ m ^ z. t, %x ^ ^ . 

[ 0 0 6 3 ] 

R^S^l fClSfrtfcI^5^«)6S@5, ^>?*;i/#^«&Sl 3^^^t^^m'^ ^ --^v KgB6 a 
<h^>?*;i/'>i''7--%^yKg56b^T, S«4fC«JS-r-5j[^i|sj:tfX^:, ^W.4\z^^'t ^ 

#fc □ ( ^ ;^ « □ ) -e ^ o 

[ 0 0 6 4 ] 
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4±(c-a«-r-:?a^LT#tsg-rsj:5i-©Jw-r-2.. mx\-s.. a^m ^ i> fi )v . '^tt 

»TS. CIcoPbT. StcSJt>^l(^ttS^aP7a*ie.S^a-rs<i:plC$!l^T^. $fc. S6> 
\zmmii 7.<r>i3!it^ hm^^ 'Ji3 )V<r)ij)it^ ii(Dm\Z^m^13 7. (At, He. Ng^Cf) * 

[ 0 0 6 7 ] 
[ 0 0 6 8 ] 

0iC^i©|ISS®}gSI<D::/'a-kX7P-S^T. S«4S:RjtS^iJcg«T'5«ifc/'?;p 40 
T*3<. ^Wtt. SffiJC*fLTRCAi5fe}ttaScD«#{b«aa*i;te$tlfca«4^SJS&^l 

, }i- 3 izmti ^m^^vxm^4 <Dmm^^mm.mx$> ^ 3 s o~5 o or^vi^ — jd^ 

SJi£;14tCj;0S?ic-5*<. eiJxtiHf - (MMP) 4$rffltiSJ^-a-tC*3ViT«, 390~4 

4 0'co8eH(^*«At>. *3t. »«4<Das2i^^sifiini^^ (»«#ia. bkm + odjidi^* 

#tJ) ^, '>;ic<<i:t>SS4*^S;£:^lf^(c#l£-r5<i:^«, :^ffitt:tfX«J&e5alCiS: 
ttfcA*;uy2 0SrBattT. Ar, He. N2:^Ct*®^fiftt:tfXS:^lCi«LT*5<i, /t- 
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[ 0 0 6 9 1 

remote plasma hyclrogenation)^!!,S. RPCl(remo 
te plasma chloridation)^!!.SI. RPN (remote pla 
sma nitridation)fflS. RPO (remote plasma oxi 

da t i on) «a3g©4'*^e.a*?$n-5«»a3s©Ma*-a3a-r^ai^tTfT5xs® 

;i t T -5 o 

[ 0 0 7 0 3 

Z-ZL-VRPUmmtit. TKig-^W^X (Hz^) S;RrESl®^1-SP»C^tte.nfcU^-h 

K ^ 1 1*1 CD ««{c«t«g-r-5;ii:»cJ:0. S^^S^TKm^k^-li-^U^r-hy^XvTKSg 
<l;«as©c:<»:t?abf9, RPCiifflStt*. :»^-&*:*fx (ciz^) ^SfS^io^l-SCrc 

•ii-;ttft^5>'*;i^*SjES^irtcDS«fctt^-r^cia:fci:0s m w. ^ m ^ it ^ "tt ^ ') 
^ - h :f y x-Tm.m<t9!i:m<D z. t-r: $> 0 . r p n mm iiit. (Nz . nhs 

pi, (O2. N20. No^) ^Kic^iw^gBcKtte.nfcu^-hy7X-7rL--yh 

ICTy7Xv*fflV»Tflftt{k-r-5C.i:fcJ;0^Sfe^?-e-fcSE3R^v'*;i/S:SlS^ 1 
Xvn:r-y hizm^t 

[ 0 0 7 1 1 

miskmxm t vx \t. z.n^<r>WB--h-:f^x-^mm (rphmh. rpcims. rp 

a^wi'fTp.t'p \z -r ^ (D t)^ » ^ L . MA-ii-mmomm^m^i^x-mm-r-^mm^ 
tcfT5<j;5(cLTfc<tt/iL. (0tjA«. RPN^aa-^Rpo^as^) , ^mm-kx (Dmmt: 

M*?LT-a3ST-pa^65tcfTe>±^(cLTt)J;t> RPN^S^RPOjaa^ 

RPHffla^) . j:oiif*b<tt, e:ne.^T (nas) <Df&m&mm^xmf^m\zn o 

(Di)^^\^ (.m^itR p Hmm^R p omm^R p Nuam^) . etT> m^^wptzmmm 
xmti^x, R p Hmm. rpnms. r p omm^ (dmx , mmi^x n ^ m-^ iz-z> t,^ 

[ 0 0 7 2 ] 

RPH5aa«. s«»2a4'fc. ji^ -zf 2 4 ^ m iz v x . y-jtiJim^:! — -yhii (u^: 

:xn-yhiifc«./t;i/:/4i (05 ( a) ^m) tt ^ i:\z ^ K) . mwnzTHm-^ 

mux cx-\t. H 2 y A T m-^ X) ^mrnvxa^ . *m^=6-:tfx^ffittYt:LT7k 

m 7 ti ± 0Si V fz ii I' X < , m 7 v> ti ju \t . 7>?*;^«ilS«l3^:/^LT5 
±f-5. c:n(cj;f3»iS4±»c7Ksg7>';*j;p^««g-rsRPHjaa*^^T-r-5 (.xt-vx 

2 0 2 ). 
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fd:*5, RPH«131«I7^. 7i^*;P«il&«13lrKttfcn;i':/2 4S:Si;T. 7 ^ 

J;-5ICf-50T. 7v'*;K0«il&«f?±$n:ftti. 10 
[ 0 0 7 3 ] 

RPClMStti. gtai©J:'5Jc:a^$*:<fX (CI 2^) *SlS^l®ngB»r^tj-^tl 

tt, njv:/ 4 4 (05 (a) #Bg) sut-r-scttcfco. ^miz^^-^m 13 7, (cici-e 

[ 0 0 7 4 ] 

Z. (D R P Umm ($/5:«RPCima) , S.Z/:^CORPN MS OPbI, Tffi14;*fX«i^@5 20 

a izmn it /■^ )u zf 2 0 \tm n ft ^ ^ \z V X . N2?Jct*©^«i4:^x*^tcsi!UT*5<. * 

fc. RPH^jas^. -A o R p mmm iz 7 )i' ^ ^ ^ =. y h 1 1 izmmr ^ ^ 7. t:Aim 

A-fZ-^X-r-SJc^fC, 7>?*Jl'>'^-f>'tXSl4bS®i;TSfSi;UT*5<, 
[ 0 0 7 5 ] 

RPHMS (X-r-;/:?'202) O^. RPNMS (XT--y:?'203) ^ ff tj. z> . RPNiffl 
S«. RPH^fflSI^«l, S1fi»ia4'f', /t;U::f2 4*i8fcLT, ^>?*;i'^^aL-'yhi 

4 2 (05 (a) ) <£Wi:-r€.C<*:fCj;0, mwi\Z^m^^iJy^ (CdTtS, N 30 

«J8tLT*5<. S3S7v'*;l'tt. 7>'*;U«S&'gl3*:J^LT7>?*;i''>V'7-'\iyK 
SI56 bfCiSr/*^n, #5.ScO?L8^ijiftLTv •t?--byiS'2±OS«4±lCv'-V'7-^^t#tj^S 

$ ti s , -e « , A* ;p 2 4 s ffl p . y\* y 2 3 * M t ^ ^ ^ v * -'U a* -f /t x s i 4 

^ 4 ±\Z^m ^ tl )l'^^t^T i>R P N mmiO^^T-r ^ (.T^T-yZfZOS) . ::cDRPN 

«l 7 S . ^ V ;u « 1= 1 3 ^ /N- Jl/ y 2 4 ^ H i; T . 9 v' * /s* -f x If 1 4 b (c 40 
^ /N* ;u :/ 2 3 ^ . 5 * ;u #t a. - -y h 1 1 *^ 6 « ^ n -s 7 V * ^ . H ^ 

lSr/\*'1-AX-r-S<t5»C, 7>'*;i'/N''f/tX'i=l 4bSr3lDTSP^-r-5J:5tCi-S<DT. 

7 * « iS& tt f? ih s n ;^ v» . 

[ 0 0 7 6 ] 

coRPNMS. RZ/:;*:<7)RPOM3lor^, ^Stt:yx«i^«5alcisttfc/\';i/y2 0« 
Mttfc**fcLT, N2 tJ.E<n^m^:ff7.^'^\zmvx^<, Sfc, RPN^fflS«. 
RPOmmwUZ^i^tiJl'^^^-y h 11 lc«S&-r-5;yx^S*^^;yx*^^.g?^^*;<f 
xfcWDWA. 5-:^;^j;p^^3.--vhi iT«Sf«^W:^fx^&S14<bUTgE5^^v':^;p^ 

i> tiju /•^ :^ m 1 4 b 'S: m u X mm. V X i3 < . so 
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[ 0 0 7 7 ] 

RPN^S {7.'rv-:f2 0Z) <D^, RPOffl,a {7.7- y :f 2 0 A) ^'fitj.o , RPO^ffl 
Stt. RPNifflai^SI. »«#®4'Jc.7'«;p:/2 4 L T . "7 'J )\' % ^ :i ~ v V I 

1 J: 0 , K 3g 5 ;^ ;i/ ^ S IS 4 ± ir «t -r S . ^'J: *5 . 'J ti )V % ^ =l - h 1 I \z\t. . n 
)VZf A Z (05 (a) #fig) *Ma:-r-&C<i:tCJ;0, »mI(cSS^^^;tfX (CCTtt. O 

^?ns. yt;py2 4<&gfli;. /'?;p:/2 3Sria</iTBr3g7>?*;i/^/N*'f/ix'gi4 

b*^e.g^mt--5c:icj;0, s«4±'vcoffi*7>»*;KD#ti^*f?±-rs. cintios 
^ 4 ±\zmm ^ ti ji^ m^-r ^ R p o mm^^^j -r ^ (T^y^-y zf 2 o 4) . c©rpo 

i*«-t?#-5. ifc, 5fe©«!ia (RPNfflS) tj;0fB4-rS|^®^|i|S&i*^-r-5flB^*«& 
;i£*3. RPomsMT^, ^-✓*;^«f&^l3^c^^tfc/^•;^y2 4^&lB 
i; T . ^ * /N- -f Z'? X 1 4 b A* ;U y 2 3 ^ # . ^ * JP « :i >;/ h 1 1 

#^ $ n -5 ^ V A ;U * \ S /iS ^ 1 /\* -f X T -5 <fc -5 ir . ? * /-^ ^' /t 7. S 1 4 b 

TORPoi!as{c*jviTK^^v?;^3;p^^fieL.fca, fiK)KiSM5&*-e, ^ftm^xm'p 

[ 0 0 7 8 ] 

. SIfiSSefeKMSiLT. m^izM L X R P Higm. RPN^HS. RPO^aSOtf*^^ 

±£*JfiJ^li-e«. RPHiaa, RPNMfS. R P O ^ d © JUT L Tfr o T -5 
) . J^-z>X . a«#®^T^(C®i|Bf;tfX<&««4±tC«|&L-fci:€r, ±l35S:K«!i31*iiSS 

0i.-r ^ :i t X ^ ^ t % ^ ^ n ^ . mtz. ±mm^mm(D u - h zf ^ XT mm\z ^ K) . 

y X -7 mm ^ m ^ z ii \z ^ 0 . ^^m. ^wmmizm i^x n^p ^ nx ^-^tz^^u^ ti'^m 
mt:i^mizmmv. mMizit^mw.mm<Dikm!i&mimm^tx^ ^tz c o mm <tiz ^ 
0 swLmm<D^mmm^ . MO c V Dmm^Mf^ L . x h 'S: :km^zwiux ^ ^ . u 

*3*:5!B^T«. Zf 7Xt iZ 0 m^it^-ftft:^ X ^ m^^Xmmm=S:n r:> X ^ r)\ ZTyX-? 

X. )i ^ - (T) :f5 ifi . my:^)v^-ii<o^iz^\,^rzify. rnsia* »c ^ L T #ja 4j (it 

[ 0 0 7 9 ] 

i> m -f)^ $> Ki n i> . m^\i. ±.t^mm.mmxm.m\^rz. r p Hmm^rz\tR p c \ 

RPNm31-*RPOMSi:l.O-aofi!LS*S«#ia4'tCplffi;^cKO^Oji-r«^*^#^ 

e.ns, ±ffisiiijgiitttjiH^*^>iT. RPHiaa^fcttRPc ims-^rpo 

jfflS-^RPNiilSibfcO. RPOiaS-*RPN^S^RPH^l!lS*fe«RPC IJaSi: 

bfcOT^^^fe%A^)n^. sfc. RPHifflssit«RPciiias. RPNias. rp 

^aS$fc«RPC iMS^RPNfflatUfcO. RPOfflS^RPHMSSitttRPCl 
MSItb/tO. RPN^aS^RPOjaaiUfcO, RPOffl.S-^RPNfflatLfcOT-5 

[ 0 0 8 0 ] 
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;s*3, cm e> Miffls © 4^ -e R p N ^as^ R p o ^fflg . r p oms^r p N5fts^<^ i 5 

»C. iJ>/i<i:fcRPN5aatRPO^fflS(0200ia,S*ff'5J;5lC-r-5C5*iit#tCjffiLt» 
^' S •fb $ -B- -5 . R P 0*ffimSIW*-CDt5«aa-e«. S$l5^A*'rxcD#®^RS5'>;^£<T 

# ^ , u - ^ « Sit >c ^ < s * 7^ /\* -f X -y- X CO «s /jN •(k fs ift ^ * -5 . ctuzn 

LT, RPN«!,a^RPOlffla^>£:ttRPOia31^RPNffiS*fT'5c:<i:fCJ:0. t9E© 
¥ ffi «aa©x;*'J>;/ hi£:ta5fcM^-r^c:<i:*iT-^'5. *fcRPNifflS^RPOjaS^/£: 
ttRPOffliS^RPNmSSrtt&lHlSiOjIt-t. «IIBOa^a:^>£r^J6^Clt7i<T^-2>. 
[ 0 0 8 1 ] 

mm&.T (D-mmm) izmwvxn^^izh-^mx'&^L, m m. » m.m: \z n o z t h ^ m 

[ 0 0 8 2 ] 

x7^-y7'2 0 4 (D R p ommm, »^4i)^m^(^^mwLm3 9 o~.4 4 o'C(;#?a-r-i>* 
T # o . # s ^ ra « . ® a 1 ^j- ~ 2 » 3 0 g> T -5 . d o . mmiz^mA^&mt. ± ib 

©RPH^aS (:^5^!y:/2 0 2) ^RPN^ta (Xx-;/:/2 0 3) ^RPO^iS C^t^-;/ 
7^2 0 4) ©■y--i'i7;u?:SS:lH]«i05E-r<h. ¥Sttl6i±, Stfltt:«:5^^*©*«();*ta&At^o 
TJfSLVi. RPHMS (;^7^-yr2 0 2) tRPN^O-S (X7^-y7'2 0 3) iR 

X 7=- y * IS -5 t A i» . 
[ 0 0 8 3 ] 

WMsxe^. ^mumf)^m^<D0^muAizmvrzm:it, 0zmj:mizx^ . s-r. x^-y 
:/2 0 5 (D^mmmx . j^)vzf 2 2 ^m\z\^x n)vzf 2 1 *hcut. fignea^sf^i^a.- 

•yh9*^e>OHf- (MMP) 4^£^^$:8SSft!lffll^g2 8T-SitS^fflILTM^ki§2. 

. Ry;;*:©RPo^aii (X5^>yy2 0 6) <!ow=b, n;p:/2o«ifliifes^.fcbT. 

tt;^fX«^:i::i>yhlO*i6.^Stt:«/X (Ng^S.!:) SrVX7P-rJ>hD-54 6T«fiE 

n, ^^0?L8*iif4LT. •tJ--fe7'^'2±©««4±tC->v'7-tt{C#t$g^ns. S5I2?1 

^ - h:/7Xv«aa) tcJ;05feK$tifcS««a±lCR(f^l^ffcoH f O2 )K*^}^«£Sn^ 
(X7^-yy2 0 5) . m^m^nm^. /■<;P:/2i*IBU/t;p:/2 2*M<c:tcJ:D. 
»«4±'scD!li^;9xro#t^eSrf?±-r-5ti:fe(3. Silsf:^^^, l^if^f;yxA-'f/tx«i 4 
a$:jii;T«^a-r€.. (fj:i3. aig4±'^0®J|sf:«/X®«ifg«^9 jJ: -5*^, fi£I^Jli|sf«J^ 

[ 0 0 8 4 ] 

x7=--v7'20 5(^fi£Mffla^. Rpojas (X7^-yy206) t'As. n )v-f 2 \ ^ m ll' 
ftm. A* ;p :/ 2 4 $ M T 5 V ;i/ ^ ^ rL - >y h 1 i *^ e. ^ 7 * ;i/ * « IS 4 ± m S 

OH, - CH;^j:i:<0TM1^*^*bTRPO^!!iaS'*$T-r-5. U . RPOfflatCti. W 

ffirsaaxs (X5^yy20 2 , 203. 204) tmm., WLm.x.n (.t.^t y 2 0 

5, 2 0 6) »«4ttlElfeLfj:*<e)b-i'3lCJ;t)3f5efi« ( figJK it ft <!: 1^ — ffi 

) fc-Rfenrv^sOTT?. mmmn\zi5\.^xi^-ts.m'km^x-^ ^ ii^\z. i^^i^tzm'p 
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y tiJl' (D ^ ll^ iii^ ±-r ^ , y tl Ji'^^:!- y h I 1 t)^ ^ (D M m v t) JU (O mm it t¥ 
[0 0 8 5 ] 

±tBfi£M«aSX7^-yy2 0 5 tRP OM M 7. -y -/ 2 0 6Sr l-*)-^i7)\^iiLX, ;in$« 

J;0-Bffil§!|-r-5;ii*iT^^o /j:45. figM®SXT--y7'2 0 5 iRPO«aa 

-5 <h S . 
[ 0 0 8 6 ] 

CliTfiSM®3lXT--y7'2 0 5 t R P O Hgm 7. y 2 0 65r«^lHl^DjI-r;*U>v h« 

s (c, Hmco^mmm^i&m) mr^^^, ift{cHf02is*^<.«»jA«io 

V? * JL- *^ « S& ^ n < < ;ic; -5 o ti « . m 5 v « ® H w ge ^i- S T iiJ a -r -S) is S 

*3tiT, mo A K) a mmizmmv fzm'p (o c . HtK^^VTV^ommA^MKuo (mm 

i>i 1 0 0 yjr > if 7. h a — A tm < (D^^t^i^&h ^^^fttb) . ta?*e9»c«®||©g5»lc 
[ 0 0 8 7 ] 

ZLtliZMV 1 0 0 :t > if X h a — l,(OH f O 2 mt:mm-r ^m\Z . Hf02lRJ^«S^RP 

m \z -z) 1,-^ X <o ^ c . H^.^mimiii'XOiRPomm^^m-rtnt&^'^z.tizfj.^, zL<Dm 

^; g!^7i^*;P*<j8WA0P^ijafCift«^fcJK + <DC. HiiRfts-r ^ myitis < tj:<itJi 

^ fz h - iz y zy ti ju m T ^ :i ii t tji ^ . X mi^ m X m - fji c , nm^^n z. 
tti^x^ ^. H f o 2 mm^^R p omm^mm.iBim'o mtm-^ . s c it « 
i^fzmmm*^ 6(7)ffltj!ji;«/x<&i^5fe-rs^«©fe5RPOMs$, h f 02 mo^mrnxni 

[ 0 0 8 8 ] 

^C*5. fi)cWXSTCO»SLVi^ff=«, Si^iLTHf- (MMP) 4 ?&fflViSJ©^(C:feti 
Ttt, ffia^aSti. Ma?Lrc<i:^tC 390~440"C, )E;^«100PaeSBlTT*-5 

. ^rz^?^xmw:<DR p ommxmx<Dttf^ L\,^^^it, mm&^\t 3 9 o 4 4 o x: , 
&timm\t 1 0 o~i 00 0 p amm., v v ti )v ^^m<D o 2 Ma«i 0 0 s c cm. ^ 

mtm^\z ^ i> n - -< i? )V i)^ % ^ \^ \z < < U K> . *fcv^JSgPiS*^?)®^JSI<0^tBb (^ 
[ 0 0 8 9 ] 

±tBfiKKXS. -r;j£*3-&fi£K«!lSX7^-;/:^2 0 b R P O 7. r- y Zf 2 0 ecotJ-'fi^jl. 

X 7^ y 7" 2 0 7 ) . 
[ 0 0 9 0 ] 
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Srb. -tO^RPNiaaSrU. -eC0^RPO«aa<£-bTtri^ (X^-yy2 0 2, 2 0 3. 

2 0 4) . S£oT. *3iss«jgsiTtt. »f«»rj[ni^fc«»as®'j^:-h7'7Xv®atc 

-r^it^ctuK. Kft^mif^tzmmi^ tzmmmA^ i (Dms^:)j 7. <D§em t:mm-r ^ 1 1 h iz 

. C V D Sr l^±S •11--5 C i -5 . * ;t , * «»J t? « . fiEffiiSS ( X 5^ •;/ 

:/2 0 5) i:RPO«ia (T.y' y 2.0 6 ) ^^-affSfe'ttTSofed^. ^S^MOJ^iST 
bKK^&S (X7^-y7'2 0 5) iRPOfiaa (X7^«vy2 0 6) ^S©:leIISIOJibT^^ 
lt«LfcJKt'«C. H^C0^ifie!^O|^*«Sr±tf -Silt Jit T^^-SttfeC. 1^* 

hT'^X^iaS (X5^->:;^202, 20 3. 204) figlKfiaS (X7^-yy205) t 

RPO^aSi (X7^-y7'2 0 6) ^^Oig-rit'fi7;pja3g*m*^t>-&fcClt-X?. S^i^A^ 

[ 0 0 9 1 ] 

liiiSi^cDMKJit^iffii^c-S.-r^^t^p^.ALD (Atomic Layer Depo 

s i t i on) ^tmmmm. ffi:^*tfi<. i ^ m -r m ^ m ^-ri> a/i , fti5D*»e>g«* 

T2ism£<^}g^itftt. ^l^lSfr*>liT«. ALDJ;OfeMSJaS. ffi:^*tii5ti^CVD 
SJj;<£ffl^iT. (0. 5~3 0:t>i?'XhD-AS«) S-1«iclHlJgfiE-r-5J;^»::L 20 

Tt»-SOT. ALD<tO'b«S-CKII<OAl.iM**#e)n-5. 
[ 0 0 9 2 ] 

Tfe. RPHfflst. RPNfflsi. R p o mm t <D m $^ s. It {iii X ^ R m 

T^mfi^ 7. ^ y ^ o J: ^ \zT ^ ff)^}^ iff ^ V <D^tmm<Dm D fzt^, ^ ^ izmmmj: 

ti )i <Dm:^ ^ /-^ x's 1 4 J: D Lfz^m) iz-rna. sjts^ « g gjeg 30 

[ 0 0 9 3 ] 

S Ac. BE M X S *5 Li T , M ifsf ;9 X O #t |& <»: ^ ^ ^ ;^ ;K75 #t t « FbHc #^ g 14 X ^ 
««&bTVi-5©« (#^SJStt:^xtti^:ra-tx) . 'Ao:>m&\z^^. mm :fi 7. ^nmm . m 
*5>'*;i'S:«*s-r«)Wtc#sjc5i4^?x (N2 . Ar. H e m<o^mmi 7.) ^mm-r ^ 
j;5c-rst. 7(Dmi^\z^ 0 mn:fj 7.mf^^\zwtm7 i^:^ ju^^is^r ^m<DK 

it^Mff^<Dnmm,'¥(Dmnii7.=s:'m^-r^:Lt:fyix^^tt^\z. mm ^ ti )i^m^^m. m 

i^:tfXS:«SS-r-2>ttrtrlfR<S;tt:^X (N2 . Ar. He^®Tffitt:#X) ^^f^T ^ ^ o 

±x ^ ^ . 
[ 0 0 9 4 ] 

>'-\'7-^-yK6$', fiK]K->-V'7-'\-vHg|56aa:^v;^;i'->-V'7-^-yFgC6b 
t iZ{±^ -o X i> CO l,t:k(Dmm \Z ^ , ->i''7-'\-y K6W|^a5HK«fL.T^i-5®!|Ef<i:SE 

tmm y U iiA^mi^t -> ^ '7 - ^ -y K6^tt^-5C:t»Cj;0, I^<s}iSg^7-:;:i!j 

[ 0 0 9 5 ] 
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m ^ L ts. ^ m it :^ mm :i ~ -y h ^ ^ 'J ti m 1^ 1 3, y tl }V ^ U - ^ \^ U 

^ ti )vmm's 1 3, y ti )i ^ v - ^ -y \^ ^ 6 h m it. ^ ^ ^ m m -r ^ ^ ^ mi 7. 
n m m V tji m <D 7 tiji 1 3 , v-v^-'xyKSKsb. mnmn^'s s , '>^r u - 

[ 0 0 9 6 ] 10 
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S it , S « fia S S.M 35^ ^ If) b T ^ PbT « . S JS ^ 1 I*) I- IS ^ tc T ffi ;y X ( N 2 > A r . 
He#) $r«S&LT*5<i:J;l.i, ^ W }± » « ^ M W €. A* ;i/ :/ 2 0 B8 ^ ^ S 14 X 20 
mi^=i-~v h 1 0J;0S^£:^lrt-\Tett:*fX*«l^«tii^-r-5J;5lc-r-5. »«ia2ii^. 

«»c:TS14:tfXS:»gb^tt^. ^n(CJ;t),EJCE:^(*l^^^^fiH4:<fXfCJ:-5/1->'4^e^ 
[ 0 0 9 8 ] 

^rc, :tmvitmm<r>mm-vvi, ^m'¥\zm9&m.iim^n ^■^m\z'z>\^^xmm\^tzi)^, # 

^figjKTia. Ili|sf;«/X^*SJ^;(DSS®4^JM-eS«±lc®«^-B-fc^lcR pomssrfr^ 

RPN«aa-^RP05!lS] (Wffia) [Il^£f;yx«|&^RPOmS] (SJ^^lfg) <&ff 
#a^{c:*:5EMtLT [ll#4:tfX«J&-^RPOaiS] XntJ-'fi';!/ (®i|Bt;«;x«i^<i: 

RPo«!istS:n-!t-f5';i'«i»3ji-rjaa) *ff 5 ;i 1 1) ^tiT & s . ws^'fr. [ 

RPHffiS-»RPN®S-^RPOi2lS] (SUMS) ^ [l^!|Et:^X«i^^RPO«!lS] Xn 

^m) i& ff 3 CI i: nfffiT -5 . . 
[ 0 0 9 9 ] 

sfe. ±3£Lfcms<Djg^T«. m.m'y 'Jti jv^^^^'tk ^<D\zfkmo 2 ^m.^^fzifi, o 4o 

2£^^1-t:;N2 0, NO, 03^i:t'Og?^-&W;</X*fflU^C<i:*^-C^-5. N2 0i:N0{C 
t3tiTtt02 tl^^, ^ tl -y h I lfCj;0Stt'ft:be!^7>?;^j;USr^fi£LT 

A»6SJS^l'^.«i^rs. L*'>b. Nz OtOs {COliTttStt'fkT'SC:i:;^£<-5-©S* 

x'^.\z^ 0 mm ^ ^ Eg $ n-scoT, *swfc»s(c^^^>?*;k^«i^bTt^-5 

. N2 O, O3 *flltt{t:-r«>Cli:5S:<^<OSS«i^-r-2.«#t>^Sn-2). 
[0100] 

sfe±aibfc*js«}^^T«. T =i juy 7 7iKm<DH f o 2 m ^ m ^-r ^ m iz -z) T m. 
mvfti)^, 7=t)i'y7XHfi^vy-hm^m^-r^m-^iz'bmm-c^^. mzit, xa so 
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2 o s M z r o 2 ^ ^-f- <^ ^ Mm <t m . Rum uaco^mmud. m<Dmm(Dm: (m 

^1,1, TiNM. TaNM. TiOgM. SiOzJ^. A \ z O 3 Cfcjgfflnjeg 
T * . 
[0101] 

poms] (.mmm) ^n^^. ^mmiz [mm} 7.mm-^R p o mmi >^n-^^ i; )v (ig 

i^;yx#ti^<!:RPO«!lSi€:n-y-'fi^;i/«|t9jgLALDffitCj;0 ^I^S'ff 3 «l S ) * ff 5 
C i fe pJ^T*^. 

[0102] 10 

fi^. jLT&htz'mmo:>mm-Q\-t. \ ^ - ^ v \^ & ^ {tm wl i ^ \z ^ ki \' — ^ v 

a Ly 'Jtl }Vi^ - ^v Y W> & h ii\Z^m\^ . W-Pr 13 7. ii y -J t) )V ^ tS m ^it 

13 7. t ^ n^e nm ^ <r> ^r "7 — ^ V h e « r ^ <c t itt l ^ . mi \z^ 

t ^'^iz. tl:«)«S:llt),fiKM->A''7-'\yHSKt. v >> t) )V ^ U — ^ v V ^ ii ^ Pi m 
. mni37iiy>>1j)l^t:'^tsmiti[:137.t^m-<Di^^U-^^:/ K6J:iD«i6S-r-5J; 
•5 L T J: . 
[0103] 

:icD ^ izeSLmmmomizMw. 4 \zmm-r ^mm:^ 7 t , figj^^wRPo^as. m^asx 
gtLTWRPH^as. R p N mm. RP omm<Dmiz m ^4 izm^-r ^ y z^ti ji>s:^ts 
miiitis 7. t — <D mi^a ^ i^-v u - ^ y ]^ 6 mi^-t ^ ii . i^^u-^vi^e 20 

7- > if tirzmit. =i-7-^>'5r&:\Z7-:^tiJV^'^tsm^<ti37iz^'E,^tx. eincj; 

iSMT-^^. *fc, K*£:^lf*3<£ClF3;ici:<OClS:^t;;«fX-ei7iJ-->i^L>5:«^ 

[0104] 30 

02 ]K*#Wfct>®^. ->'j3>a«ro«BC3»< S i 3 N4 MS^ttfc'bW«T3&t5T 
=?> J; i „ 

[0105] 

03 \z^^mmt^\z^i,-y ^ t; y m^mm^^m-r . 

[0106] 

i7 y 7 9 mm\t. S1fiSSj@lD7}f->N4 1<£^ttfc:S1SJgSI^4 0. gHtC*fLT««$Jg 
A/JBfcb-ri)D-h*o-yi/^4 2. XSSSMS (RCAi5fe#^) •r-5miK^S^4 3. 
04fC5^b/S:»«fC^#UTW«lSRt^H fOz MO^K*fTP^2Si£;S4 4, &i;?gJK 
± fcmS*J^fiX-r-i)^3Rjr^ ^4 SSilAS. Cl ©^-6^2^16:^4 4 04»r^-rS 40 
iE&Sl{Cffi3-r-5t)©T?3&-5). 
[0107] 

S£*i77X:$'SB«fieT«. ^ 1 SJISS4 3TRCAj5ti^^W»««BM31tS^Yt:^ffla 

#<^S««®2ScK5!lSSrJgL. m2K]6£:^4 4THf02Ki£}^fi!cL. ^3SJ$;^4 5T 
SS^J^fiEbTUife. Sfc. miSlS^4 3TfTibn-5RCA}Jfe#^©SffiS®«!lStSS 

iitxfc: >t*L, :^'^m<n^m\z^n\i. s«€reK^*^eD-KD-;/i7^4 2{cjaAbfct^ 
. SiKic:;^4 3TRCAjfei^^©»«S®^3l (»««®fr)gfig$nfci.«StfkK^& 
mn^Vk^mm^^^^-t ^mm) ^ml, S2Sji£;^44T. striJasxs t u t r p hms 

. RPN^aa. RPO^aSSrfrtjfc^. ^)KX8<J:LTHf02ttfi£iKJaS<i:RPO«!lS 50 



(22) 
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sjgfigf-g) (po 1 y-s mmmea, is ^ismr =. — jiisim) . ^ut. mm'&mssiv 

[0108] 

. mm<D y y h ^) > h (iS:e®«) Sr^^j^-r-SCtdi-e^. *fcgS3XhS:<g;^-r-5) 
t T # -5 . 
[0109] 

+ ^ -a- T t) i7 h 7 >y <z) s H »r « 6 , 

^twis i o N ^ (D m ^ m 0Six ^ ^ ^ o \z f£ ^ (D X' , m&nn^mm (Dm0SL7i}^'Nmx ^ 

[0110] 

Uii. RPHS:^tfW«aaxSi:*!£lKMSi:RPOmS<i:*«&lHiaiDji-rfi£KX@<!:* 
m-ommmp^Xfr , fifeJKlg^fCNa /-^-v^ff tjTfc, S IS ^ 1^ tt fig 1^ M S 

RPH^!!ia*R)f«i^MJJt±i8tiii-r*c:tiCcto> <D^JS?^^4*»R*i^*-r « 

[0111] 

S^fefeSdt, c:ro«^fr:tev>Te^SBIIbl8*«#7iMcjgfiJc$n. Si 0 » 3^ B8 tr J: 0 

CAifc^l^^) *ff -5 m 1 KJ«:^ 4 3 4gij|^-rs t t> II2KjS^ 
4 4-eM^aaxstUTR PH«aa. r PN^aa.R po«aa*fT'5ttic«««ffij!iax 

it3\zn o z. t iifj.^. 
[0112] 

^mmm !&mxmiZXff ^ f&m t L X \t . RPDC (remote Plasma dr 
y c 1 ean i ng) M tUF ^ L . Z Z. X , RPDC«aai«. i^^)-~>Cf:ffX 
(C 1 2 ^) t:R]t^^!^^izWt»^nfzU'E-h:/^X-r:x-'y hicTr/^Xv^fflv^T 

mmtt ^ z. t^z ^ 0 ft^tsitft^ i^ij s.]t>mff^(Dmm\z9^fii^-r ^ iitzj: 0 . 
=.>ifmm<r)z.tx$>i>. 

[0113] 

m 2 R ft:^^ 4 4 x n o mm \t 'A (D ^ o iz fj. i> . -r tj. t) . mmmmmmT.mtvx. ci 
z^^m^^xRPDcmm^n^fz'^^. mniimiimtL-xRPHf&m. RPNitaa. rp 
o^aasrfrti, ^<^m. figjKxs i b TBKMffia <h r p o5aa (^Mi^^s^aa) <i:<&MJ 

OjIbTBlfJglKJP©^!^© i:nvz:tttj.^ (RPDC^aa^RPHffla^RPNffl 



(23) 
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p H mm ^ n ^ :i L \z ^ 0 . r p d c mm^z^i^-f ^ c i 2 coa^i^^^b, s«s®36^^> 

#««l'^a«SS^YtM* + ^^tC^*-r C <2:;&^TS-5o J: o T . R P D C ^ « R P H fia S & 
It 3 ^ 7^;^ iff ^ L o 
[0114] 

j^±(Dj:'5f3. smmmmmxm (rcaWc^^) *fT^^iKis^4 3*Hy^u. Mia 

[0115] 

jjA±. ^^m(Dmm<Dmm\z'D\.^xmmvt^f)^. mnumm(Dm,n<D^mm ^ vx . 

(1) - (8) t)#;ie>n^o £t"F<^lttBJ*. {} T<<ofc-ifficD«aafi. 1^ — cDSiS 

(1) {RPH^fc^iRPCl-^RPN^RPO->fie«} 

Bif®ai:bT. RPH^s^jt^RPcijaa, RPN^as. RzsR p o mm^ (Dm.\z 
n V <^ V \z V rc^ (OX s> ^ o ccTRPc 1 mwi\z^ Lxm.m^'^ts:^ >^^m^it 
i^x ^m-r ^m.mmmm<D :i hx & ^ o ^tc^mt\t. wi^vrc^mumf^zM^^-r ^ ^(d 
X. M:i^^\z\'^ imn^ 7sm^^-^is\±<t^ xn^'ii7ji^\zm^'r^^<Dx&^ ( 

£tT. 1^*11) o z.n^ (Dmm\^. m-(ORjt^m. «»jx.«^ 2 sis^ 4 4 i^tmt ^ o 

[0116] 

(2) {RPH^fcfd:RPCl-»RPO^RPN->fig|II} 

mr^ffls^LT. RPHfeiw^rzitRPc \ mm. r p omm. :sLr/R p n mm^ ^ <Dm\z 

n V <^ o \z L fc ^ <Dx $> o :in ^ (ommit. i^-osis^. 0»jA«m2Sjs^4 4p^-ir 

[0117] 

(3) {RPH^TzJttRPCl^ (RPN~^RPO) Xn^fiKM} 

mmm^Lx. RPH^a^fct^RPc i mm. rzs (RPN^a-^RPoiaa) xn-y- 
^ ^ )u ^ (D m\z n V o \z V fz i> (D X s> ^ o ti (E> <Dmm\t . m — o KfB^. m^ittm 

2SiJ;^44|^TfT-5o . . 

[0118] 

(4) {RPHSfcttRPCl^(RPO^RPN)Xn^fiKM} 

mmmti^x. r p Hmm^rc\tR p c \ mm. iblV^ (RPo^ia-^RPN^aa) xni^ 
^ )v ^ z. <D m\z n o z. t \z \^ ^ (D X $> ^ o z,n^ <Dmm\ts 1^ — osjs^, m^vsi'm 

2Sl6^44|^^fT'9o 
[0119] 

(5) {RCAgfe?t^fc^iRPDC} { (RPN^R P O ) fig M } 

sTmisiS^4 3fcTRCAgfe#sfc^d:RPDc (g^^s^ftiKi^*) mm^n^^. -^^^ 
X . 2 Rm'^ A A \zx . w^ffla<hbT. Rp Nmm. r p o mm^ z, (Dm\zn . ^ <d 

[0120] 

(6) {RCAi5fei^Sfc«RPDC} { (RPO-^RPN) -^^M} 

* 1 KlS^ 4 3 T R C Aifc?^ * R P D C ( S ft IK ^ * ) S fr > :k\^^X . 

m2^jS^4 4tzT. ta^ffla^UTRPoiffla. RPN^aa^cioniJcfTV^, t<Dm. j« 

[0121] 

(7) {RCA«c?**fctlRPDC} ^ { (RPN-^RPO) Xn-»^£|R} 



(24) 
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m 2 Kit^m 4 4 \zx , mmm t . RPNjaai:. r p o tnkm t ^ (d m \z n ■*)■ f )\^ 

[0122] 

(8) {RCAiSti^Sfc«RPDC} -» { (RPO-»RPN) Xn-^^)K) 
*-rmiSJC^4 3CTRCAifet^*fcttRPDC (i^«®!Ybl^^*) Sfft^, 
S25/£:S44tCT, W^fflStUT. RPOfflSi:. RPN^St^CWJlUCn-y-'fi?;!/ 

[0123] 

(9) { (RPO^RPHSfcttRPCl) xn^figK) 

T, RPO«!lST^<DW«!^;^ti*©?^g^i^M^^*L?^C*ie.. S1S±JC^JB^^OS i O 

zMSJ^jEK-rs. ^0^j|iS-#tfSi02ie<&. rph«is (Sfc«RPCiM 

RPo«is-»RPHMa (ifcttRPc IMS) (Dxwtmoig-r ^ t\zi: f) , 

BJ;0rt8l5^CA0Ji^-e^iSifeJB^*«l«!JfJ:^:*K^4T^•5, 
[0124] 
[ ^ « S4 « ] 

fc#;*:;^c*:^^SfflSr;*:fitrBijMT^. m mmum t V X c:) m^mm oyi&m mm >S: m m it 

;k iti gij M T # * , 
[0125] 

# -& , 

[0126] 

©i-rsit-bfc:, ^ > =^ :x ^ - 3 > A m m I' . j^fK-rsiK©¥att^isj±T^-s 

[glB<9j3i^fci:l»^] 
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7 a 

9 ^mmm^t&=L-yh 

10 ^ffitt;tfx«tl&:i-'yh 
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